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PREFACE. 


I have several tigies been asked if there was any book on 
clock making, which, without being encumbered with profes- 
sional details, would enable a person Jiaving a moderate know- 
ledge of mechanical principles to understand the construction 
of clocks, and the things wliich chiefly require attention in 
their making and management. I believe there is no such 
book. Perhaps the articles in some of the Encycloptedias 
might partly answer the purpose; but they are neither 
accessible to the great majority of readers, nor do they 
contain some information which may be expected in a 
rudimentary treatise, though they do contain interesting 
accounts of some curious inventions, which would be out 
of place in a merely practical book such as tliis professes 
to be. 
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PREFACE. 


On the subject of church, or turret, or public clocks 
especially, there is almost a complete absence of literature. 
And yet this is just the branch of the art on \\hich, I am 
sure, from what I have seen of such clocks, some general 
information is most needed, not only by the public who 
.have to pay for them, but, I presume to say also^ by many 
of the clockmakcrs who undertake to construct them. 
Common house clocks, like watches, have become merely an 
article of commerce ; and the only problem is how to make 
them to sell. Astronomical clocks oi regidatorSy on the other 
iland, arc only made by the best makers, and the attention of 
scientific men, both professional elockmakers and others, lias 
been chiefly directed to their improvement ; and when it is 
stated tliat a good clock of this kind «an be depended on 
to one or two seconds in a week, it will be adimfted that 
that attention has not bten fruitless. But viili church and 
turret clocks tlie case is quite otherwise. They have been 
regarded merely as common clocks on a large and eoars( 
scale, and it lias therefore been almost taken for granted 
that one clockmaker could make them as well as nnolher. 
Whereas in fact their largeness and heaviness is just the 
things that makes them difficult to make well : a cloci, at 
least the time-keeping, part of it, being the onig wacliine 
whose sole business is to overcome its own friction ; and there 
is greater room for difference in their construction and 
value than in any other kind of clocks. 
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The quantities with wHch we- are concerned in esti- 
mating the eff^ta of escapements and their fnction 
upon clock penduliuns are so small^ and the operation 
of friction its^ is so entirely empirical, that really good 
clocks can never be made without such a combination 
of mathematical and practical knowledge as of course 
few cfockmakers can be expected to possess. I hope 
tliat this treatise may occasionally be serviceable to 
them in this respect; and with the view of making it 
more so I have not scrupled, wherever any prac- 
tical results depended on it, put down mathematical 
results in their most general form, although in several 
instances the investigations, by which very simple results 
are obtained, are too complicated for any attempt even to 
indicate the nature of them in a rudimentary treatise such 
as thivS : 1 refer especially to the method of calculating the 
disturbances of pendulums, given by the present Astronomer 
Royal ill a paper in the ^Cambridge Philosophical Trans- 
actions,^ vol. III., of which the substance may be seen in 
^ PratPs Mcclianics.^ I may add that it is no detraction 
from -tlic value of those calculations and the formulae obtained 
by them, that they afford the means of arriving at some 
practiciil conclusions respecting the capabilities and the rela- 
tive merits^if the several classes of escapements different from 
those which were stated by Mr. Airy himself, and which 
I have accordingly not thought it necessary to mention. 
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PREFACE. 


I have also to expi'ess my obligations to two eminent 
clockmahers, Mr. Dent and Mr. Vulliamy, for ranch prac- 
tical information which they have readily communicated to 
me for the purpose of rendering this little book more valu- 
able, both to professional and general readers. I must add 
that it is due to Mr. Dent’s enterprise and determination to 
find out the best way of doing everything connected with 
his art, that I am able to state the actual results of 
some experiments (of course expensive in the first instance) 
which he ventured to try at my suggestion in the two 
church clocks I have several times referred to. 

From the interest which the subject of the Great Qock 
for the new Palace at Westminster excited in both Houses 
of Parliament three years ago, as well as from ‘the many 
questions and observations I have since heard about it, 
I believe that the short account which I liave given of the 
proceedings respecting it up to the present time will be 
acceptable to many readers. Whether that clock is ever 
really to be made is a question which requires some 
other science than that of horology to predict. The 
government pledged itself to , the undertaking by 
the commission wliich it gave to Mr. Barry (at his own 
recommendation) six j'ears ago, as well as by the repeated 
assurances of the past and present First Lords of the Woods 
and Forests, that ‘all ‘the resources of science were to be 
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employed upon the Great Clock/. But from the time 
when Lord Morpeth gave that answer until now, nothing 
wliatevcr has been .done in the matter. I understand that 
tliere are always turrrct clocks exhibited at the Brendi 
Expositions ; and os this is intended, we are told, to be the 
best and largest clock in the world, notliing could be a more • 
appropriate subject for exhibition, and for reward if made 
as it ought to be, at the first exposition of manufactures for 
the world, than such a clock ; to say nothing of the real 
Avant of it as an accurate public ‘ regulator,' accessible to 
eveiybody in London, cither by sound or sight. 

Perhaps I ought to apologise for occasionally expressing 
opinions of my own ini a manner which may appeiir unusual 
in treatises of this kind. But several of the subjects I have 
had to treat of are so much more matters of opinion as to 
the balance of diflerent advantages^ than of demonstration 
or of fact, that the reader would have had much greater 
reason to complain, if 1 had merely stated just as much as 
is ascertained, without giving him any assistance on more 
doubtful matters ; and of course I cannot pretend to think 
that, if I am qualified to write a treatise on clock-makijig at 
all, my opinion on such mattes is not worth stating. 

I hope especially that the suggestions I have offered for. 
the assistance of churchwardens anS others who want public 
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clocks, may occasionally cause a good clocks instead of a bad 
one, to be obtained for the money they hapve to spend. If 
the book effects this, or any other of'the objects I have 

f 

referred to, I shall be satisfied that my friend Colonel Eeid^s 
recommendation to the publisher, of this addition to tlie 
series originally suggested by him when Governor of Bar- 
badoes, has not been misplaced. 


E. B. D. 


42, Queen Anne Street, London : 
1, Jan., 1850. 



INTRODUCTION: 


ON THE MEASURES OF TIME. 


] . Bepork we examine the construction of instruments 
to measure time, it will be as well to understand clearly 
what it is that we w^ant to measure. 

A rod of a certain length is called a yard, and is our 
standard of length; but it might just as well have been 
any other length. There is no such thing as a natural 
yard, w hieh wc arc quite sure wdienever we meet with it is 
the thing Ave call a yard, and with which we intend our 
standard to agree. It is purely arbitrary, like a pound or 
a gallon. And it is not everybody who know's that if all 
our yard-wands and other measures were burnt, they could 
only be restored by the recollection tliat they bore a certain 
proportion, only expressible in a long number of llgures, to 
the length of a pendulum that will vibrate a certain num- 
ber of times, in a certain latitude, and at a certain tempera- 
ture, during one revolution of the earth. 



8 INTRODUCTION. 

This revolution of t]ie* earth upon its axis is tlie only 
natural measure or standard of our time.* But it is not 
what is commonly called a Day, which is generally understood 
to be the time between two successive noons or midnights. 
But even this is not the day of twenty-four hours by the 
clock, consisting of so many minutes and seconds. Let us 
see then what a day really is. 

2. If you fix a telescope on an axis, so that it can only 
move in the north and south plane, and observe the time of 
any fixed star passing the middle of the telescope, that is 
the meridian of the place, twice ; that time is the exact 
period of the earth^s actual revolution, without reference 
to the sun or any other body, and is wFiat we call a sidereal 

and is always the same ; and this kind of day, with 
its subdivisions of sidereal hours and minutes, is used for 
many astronomical purposes, and occasionally for correcting 
the artificial time shown by ordinary clocks. 

m 

3. But if the telescope (which when so mounted is 
called a transit instrument) is directed to the sun, instead 

* This is not strictly, true, for^ sidereal time is really measured 
from the transit over the meridian of a certain imaginary point or 
line, which is the intersection of the equator and the ecliptic, and is 
called the first point of Aries T i and this point has a very slow 
precession, amounting to 60^" in a year ; which, the reader may be 
reminded, is a very different thing from 50 seconds of time, being in 
fact equivalent to 3^ seconds of time. 


/ 



SIDEREAL TIME. 


d 


of a star, it will be found that tli^ sun takes Sm, 56* 5554s. 
of sidereal time* longer, on the average, to pass a second 
time than a ^ar does. The reason is that the earth has 
been moving in its orbit in the same direction as it turns 
upon its axis, and therefore, before the same place on the 
earth can again look full at the sun, or have the sun on its" 
meridian, the earth must turn rather more than once round. 
The time of this passage of the sun is called a iolar day, 
and it is evident that in the year there must be one less 
-solar day than there are sidereal. 

% 

4. I said the solar day was longer than the sidereal by 
8m. 5(j^s. on the average, For it will be found on accurate 
observation that this difference is variable. About the 10th 
of February, the 14th of May, the 25th of July, and the 
2nd of November, the difference between a solar day and a 
sidereal one will be very nearly constant for^ several days ; 
but ill tlie middle of April and June it will vary from day 
to day about 11 seconds ; and at the beginning of Septem- 
ber and at. Cliristmas, as much as 20 and 30 seconds ; and 
in February and November these variations have accumu- 
lated to so much thatr the sun appears to be on the above- 
mentioned day in February*14 miiiUtcs too slow, and in 
November 16 minutes too fast; and about one-tliird as 
much respectively in July and May. This variation in the 
length of the solar day is caused by the elliptical form of 
the carth^s orbit. However in a treatise on clocks we are 
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only concerned with the'faot, not the explanation of it, for 

which astronomical books must be consnlted. 

) 

5. Since the sidereal day does not suit our ideas of day 
and night corresponding to light and darkness, and the 
'"solar day is of variable lengtli, a third kind of artificial and 
uniform day has become necessar)", now that all the time of 
the world is measured by clocks instead of sun-dials. The day 
whicli is so used is thatwliichis always the 3ni. 50 ’55548. 
of sidereal time longer than a sidereal day; and this 
artificial day is called a mean solar day, or more shortly, 
a mean day ; and the time shown by clocks is accordingly 

called mean time.* And the difierence between mean time 

* 

and the time shown by a sun-dial or any other §olar in- 
strument is called the equation of time, which as w(‘ liave 
seen is sometimes as much as fourteen and sixteen 
niiuutcs. The equation of time is not quite th(j same for 
tlie sai^e day, in any two successive years, on account of the 
leap-years, but it differs so little that a table to the nearest 
second for every day in the year ] 850, will be suiRcient for 
all ordinary purposes, and I have accordingly given a table, 
over *the next leaf, that it may aJf appear at one view, 
of the time wliich ought to be®shown by the clock when the 

♦ The agronomical rnca^i day is not reckoned from midnight, as 
the common or civil day is, but from the following noon, and has no 
‘ A.M.’ Tims 11 A.M. May 1 * civil reckoning’ is, in ‘ astronomical 
reckoning,’ 23h. April 30. 
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sun is on the meridian, which is a very convenient form of 
the table for common use, as it saves all calculation. In 
using the ta]jlc t6*examine the going of a clock between any 
two days before and after a 29th of February, you must use 
the correction given in the table for the latter of the two 
given days. 


I take this opportunity of inserting a short table of the ^ 
difference between Greenwich time and the local time of a 
few considerable places ; — 


BLOW, M s. 

Birminjilmm 7 33 

Chester 11 32 

Dublin 23 22 

Edinburg!) 12 43 

Exeter 14 18 

Glasgow 17 

HuU 1 8 

Leeds 6 4 

Liverpool 11 53 

Manchester 9 

Newcastle C 2l 

Oxford 5 

Portsmouth 4 24 

York 4 24 

St. James’s, Piccadilly ... 32 


PAST. M. s. 

Cambridge 0 28 

Colchester 3 33 

Dover 6 16 

NorTvich 5 12 

Boston 0 

Grimsby 0 

Louth 0 

Paris 9 21 

Borne 49 54 

Vienna 65 32 

Petersturg 121 1 

Constantinople 115 40 

Frankfort 34 

Berlin 58 35 

Geneva 24 87 



TABLE FOR THE 

Showing the Time which a Clock should indicate when the Sun 











EQUATION OF- TIME: 

is on the meridian, for every Day in the year 1850. (See § 5.) 
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6. There is however •ah easy method of testing tlic going 
of a clock from sidereal observations, without any reference 
to the equation of time. Any person of dfdinajy understand- 
ing and dexterity may construct a transit instrument, 
sufficiently exact for this purpose, out of a vertical slit 
*or mark in a fixed window, and the edge of a chimney, 
provided it is upright, and the slit so placed as to be in the 
meridian of tlie chimney edge. But it will naturally be 
asked how is the slit to be made in the meridian. For 
chimney astronomy the following method will be sufficiently 
accurate. Fix upon a vertical edge of a chimney on the 
south of some window. Dctcnnine first of all, by seeing 
where the shadow of the sun falls at solar noon, or there- 
abouts, which pane will be the proper *^one for the^ purpose, 
and get the clock set as nearly as you can to the right time, 
either by tradition froni some person who possesses the true 
time, or from an accurate sun dial. Find in any almanac 
which gives such things the time of southing^ or passing of 
the meridian, of any known star or planet which happens to be 
visible at a convenient time (allowing for your longitude, 
if any, from Greenwich). When the clock is 'near the 
time*at which the star ought to be on the meridian, stand 
by the window with d sheet (fi tin made exactly rectangular 
and capable of sliding along the pane, resting on the bar of 
the whidow (supposing it to be horizontal). When the 
clock is exactly at the time of southing of the star, you 
must place the tin so that you just see the planet past the 
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edge of the chimney and of the tin; ’and there the tin must 
be fixed, or the glass marked and painted up to^^the 
mark. 

If the edge of the chimney was ita western edge, the 
planet ^will emerge from behind the chimney; and then, if 
the glass is painted on the western side of the vertical mark, 
by putting your eye nearly in a line with the mark and the 
eliimiiey edge, you can enclose as fine a line of light as you 
please between the edge of the paint on the West side of the 
meridian and the body of the clnmney on east side, or rice 
verm ; and that fine line of light is the line which stars Iiuve 
to jiass when they jjass the meridian. Before the mark 
is timdl) fixed, the operation ought to be performed several 
times, as there is sure to be some logs of time at the first 
trial in getting the tin to the projier place. You must 
observe the time of transit by li^jtoning to the number of 
seconds liom the lime when you looked at the clock. 

Now, hen you have got this meridian line, even if it is 
not perfec'tly exact it wi]! do very well to try the mle of^tlie 
clock b\, though not to tell the absolute sidereal time, 
unless it is either quite exact or you can learn how mucli it 
IS wrong. To try the rate of the clock, observe tlie time* of 
any well known star passing your fheridian ; and go and 
observe it again at tlie end of one or more sidereal days. 
Your clock ought to be behind its former time, at the 
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rate of 3m. 55'90938. of 'mean time for every sid[ereal day 
between the two observations. 

7.^ Still wc want to know how to ascertain the actual 
mean time from a ridereal observation. Now 0 or 24» 
•o^clock by the sidereal clock of any place is, as was stated 
in the note to p. 8, the time of the imaginary point T 
passing the meridian of that place. And from this point 
the riff At ascenmn, or distance along the equator (corres- 
ponding to terrestrial longitude) of all celestial bodies is 
ineasured; and it is generally expressed in almanacs in 
sidereal hours and minutes. Therefore in fact the E. A. 
of any star, given in the almanac, is tly^ sidereal time at 
which it passes our meridian, since r' was on the meridian 
when the sidereal time was 0. But the mean time was 0 
when the mean sun '^as on the meridian; therefore the 
E. A. of the mean sun substracted from tlie E. A. of the 
star (with twenty-fonr hours added if necessary) is the 
number of sidereal hours. &c. that have elapsed from mean 
noon to the time of tiansit of the star ; and this number 
of sidereal hours, &c. may be converted into meai- ones by 
multiplying them by -99727, the ‘ratio of a sidereal to a 
mean day ; or if you substract 9*83 seconds from every 
sidereal hour and 1 second from every 6-1 minutes, it will 
give you the time which ought to be shown by the mean 
clock at the transit of the star. In some almanacs* the E. A, 

♦ One that rejoices in the singular name of Zadkiel’s Ephemeris 
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of the mean sun at noon is given for every day under the 
head of sidereal time merely. If the R. A. of the real sun 
only is given, ^that* of the mean sun is found by merely sub- 
tracting the equation of time when the clock is behind the 
sun, and adding it when the clock is before the sun. 

8/ The more obvious way however of finding the error 
of a clock is to observe the time when the Sun passes the 
meridian ; and if the time then shown by the clock does not 
correspond with the equation of tm[ie, the clock is so much 
wrong. The sun is too large to be observed directly like a 
star at the moment of passing ; but it may be observed by 
the same method as I have described for a star^ if the times 
of its western edge ftrst appearing and the other edge dis- 
appearing be observed (with the help of smoked or coloured 
glass, or a fog), and the bisection *of them taken for the 
time of noon. Various kinds of meridian sun dials may be 
used, and no others can be very accurate on account of the 
refraction, nor can they be so easily made. If a narrow 
vertical slit is made in any thin plate facing pretty nearly 
south, the bright line that comes through it from the sun 
will always fall in the*same place at noon on any surface 
which is level in the east and#west direction, and it can be 

gives it, for the special purpose of saving its consulters the trouble of 
adding or subtracting the equation of tiflofe. It may of course be used 
for horological purposes without the necessity of believing in the 
more abstruse science for the benefit of which it is published. 
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observed with great accuracy. It may be convenient to 
describe how a meridian mark of this kind may be made 
without any extraneous assistance* 

Make a small hole in a thin plate of painted tin or 
•brass, set facing the south in a window-frame or other 
convenient place. Place a piece of slate or a smooth board 
quite level against the plate, and about 9 inches below the 
hole. I say quite level, because it is easier to make it level 
in every direction than to find out in the first instance which 
is the east and west direction. But after the meridian is 
found, the board may be sloped up towards the south, and 
the shadow will be clearer and sharper than if it is level. 
Moreover, the bright shadow of the Hole will be clearer if 
the plate is bent so as to be parallel to the carth^s axis ; if 
it makes an angle of a*bout 45® with tlie^ vertical it will do. 

Prom A the hole in tlic 
plate drop a ]>erprn(]i- 
cular A C upon the 
board, and make a mark 
at C. At a little after 
1 1 o^clock on a fine 
day, observe Avhere the 
image of the Sun falls 
on the board, and mark 
the place of its centre 
S„ and draw a circle on the board with radius C Sj. 
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Observe the place of the bright spot.at two other times before 
noon, and mark'them S*, Sj, and draw circles for them in 
like manner. ^Then, if the last observation was at llh. 45m., 
go again a little before 12h. 15m., and watch for the pas- 
sage of the spot over the first circle, and make the place 
where the centre crosses it s„ and do the same with the 
other* circles. Bisect the three arcs Si Si, Sj Sa, S 3 S 3 , and 
if you can draw a straight line tlirough all the bisections 
and the point C, that line B C is the meridian line on 
which the image of the sun will always fall at solar noon, 
and the passage of the s})ot can be observed nearly tb a 
second. This therefore with the equation-table will give 
the means of correcting a clock on any fine day. Before 
the line ^ is strongly ^marked it wiU be as well to try it both 
in summer and at the distance of three or four months. 
This apparatus is ^0 easily made, and so useful when it is 
made, tliat every clockmaker who has not the means of 
obtaining the time from an observatory ought to have one, 
for it is no use having clocks unless you can coutinuaDy 
recur to nliat maybe called the datum line, from wliicli they 
are to measure, viz., mean noon. There are many large 
towns in nliich there *are literally no means of recovering 
the true Ihne w hen it is lostlixcept by sending somewhere 
else to fetch it, and there are very few people who are able 
to take it accurately when they see^it. 

9. There is besides this simple kind of meridian dial, 
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which anybody can mak^, -a very beautiful Kttle instrument 
invented a few years ago by J. M. Bloxam, Esq., of 
Lincoln's Inn, called the diplddo^ope, fsom which, when it 
is onve accurately fixedy the time of solar noon can be 
observed with even greater accuracy, on account of the 
increased sharpness of the images which it produces, as well 
as their passing with considerable velocity. 

It presents two bright images of the sun, which 
approach each other, and exactly coincide at noon; and 
thus two observations of noon are obtained, viz., the time 
of first contact and of final separation, the bisection of 
which gives the time of noon, and the time of complete co- 
incidence. It is of no use to describe the construction of 
the instrument, as few persons could make it, even if they 
could legally do so ; Mi\ Bloxam lias transferred the patent 
to Mr. Dent, who makes them, and from whom also Mr. 
Bloxam's pamphlet on the principles and construction of 
the dipleidoscope may be had, as well as the annual equa- 
tion table, which is for tliis year that given a few pages 
back, to the nearest second. 

• 

10. I have no iiitention#of inquiring into the history 
of the various instruments that have been used for horo- 
logical purposes. Sun-dials; at least for noon, could not 
fail to be very early used, from the ob\dous fact that the 
shadow of any vertical body always falls in the same place at 
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tlie time when the length of the- shadow was least in every- 
day; and it would be easily observed that the intervals were 
very nearly equal* The sun-dial of Ahaz will occur to 
every one. But probably much more accurate astronomical 
observations than any that can be made with a sun-dial 
had been made long before that time by the "Chaldeans, fol- 
withcAit accurate measures of time astronomical observations 
can hardly be supposed to exist. 

11. Everybody has heard of the clepsydras, or waters 
clocks of the ancients. If a vessel of water is kept full by 
a stream running tlirough it, and a hole is made near the 
bottom, the water will run out of the hole and fill any 
other vessel at an uniform rate ; and this other vessel may 
have its*sides graduated, or carry a floating index pointing 
at a graduated plate divided into hdurs, and even minutes, 
if the index rises fast enough to distinguish them. When 
the index gets to the top it might be contrived so as to 
open a valve and let the water out, and itself go to the 
bottom again and shut the valve; and if this was made 
to take place every twelve hours it would make a self- 
acting clock, requiring no assistance except from the stream; 
If, on the other hand, a giren vessel is filled and gradu- 
ated according to the rate at which the water flows out, 
which is not uniform, but varies as the square root of the 
height above the hole at which it stands, tliis also wiU 
serve for a clock until the vessel is empty. 
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12. Sand rmming otit of a hole at the bottom 
of a vessel however runs with very 'nearly uniform 
velocity ; for on account of the friction ^ between the 
particles, which does not exist in a fluid, the sand 
only falls out, and is not pressed out, by virtue of 
the same principle which enables sand to stop up a deep 
blasting hole, since no amount of pressure can push a 
considerable thickness of sand through a tube without 
bursting it. I have seen no account of an index fixed to 
an hour-glass, that is to a sand-glass ; but one might be 
made on the plan of those toys in which sand runs into 
a small bucket, which turns over when it is full, moving 
some figure of a man or animal with it. This might be 
made to take place at everj^ minute or other interval, and 
might move a clock-hand accordingly. Since the invention 
of clocks clepsydras have been made as curiosities, j)robably 
much more perfect than any that existed before. But these 
things now belong rather to the department of ^ phil()soj)hy 
in sport/ than ^ science in earnest,^ and a description of 
them would be out of place in a practical treatise on clock- 
making. 
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Chaptee I. 

ON CLOCKS. 

13. A clock has Sometimes been defined to be a ma- 
chine for counting the vibrations of a pendulum, and so it is ; 
but this is hardly a correct definition^ for it implies firstly, 
that the clock has iiotliing to do but to count the vibrations, 
whereas it has also to maintain them, os a pendulum will 
not go on long swinging by itself ; secondly, that the clock 
does not alter the time of vibration: which it does ; and thirdly, 
that a pendulum or some other vibrating body is essential 
to a clock : which it is not ; for clocks are actually made on 
the principle of having the velocity of their movements 
determined by a revolving fly, dither with fans to which the 
air offers a resistance, or with a heavy rim, whose own 
'moment of inertia prevents it from^ moving too rapidly. 
A more correct definition would be, that a clock or a watch 
is a machine consisting of a train of w'heels turned by a 
weight, a spring, or any other nearly constant force, and of 
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which the velocity is regrdated by attaching to it a pen- 
dulum, balance, or fly wheel, which always vibrates or re- 
volves nearly in the same time. And .the only diiStinction 
(except the arbitrary one of mere size) between a clock and 
a watch is, that a watch will go in any position, but a clock 
. only in one. 

14. The invention of clocks with wheels is ascribed to 
Pacificus, Archdeacon of Yerona, in the ninth century. 
Clocks (without water) are said to have been set up in 
churches towards the end of the twelfth century ; and there 
is a story of a clock being erected in Westminster Hall 
in 1298, out of a fine levied on a lord chief justice ; and 
near the same time a clock is said to have been put up 
in Canterbury Cathedral, and one in Wells Cathedral in 
1825. Mention is also made of a clock, apparently of 
some new construction, invented by Eobert Wallingford, 
Abbot of St. Albans ‘^in 1326, and which was going in 
Henry the Vlllth^s time. Prom these and other notices it 
seems pretty clear, that, though the earliest clock of which 
the actual construction happens to have been preserved, was 
that made by Henry de Wick for Charles the Vth, in 1379, 
yet he is not to be looked upon as the inventor of them. 
According to the description given of that clock, it differed 
in nothing, except in having a horizontal balance instead of 
a pendulum, from many old'bhurch clocks still in existence, 
being merely a thirty hour clock with one hand ; and the 
striking part was exactly the same as is still used ; in fact 
in some respects it exhibited a more advanced state of me- 
chanical art than the clock (I do not know of what date) not 
only in existence, but in action, in Peterborough Cathedral ; 



ANCIENT CLOCKS, 


25 


wliich has a wooden frame instead of an iron one^ and 
instead of being wound up by a key or winch, is wound up 
by long handles or. spikes stuck into the barrels. It has 
however a pendulum. The going part of the dock has 
indeed lately been superseded by a modem one; which 
is far less creditable to the mechanical skill of the time at, 
which^it was made than the old one, especially considering 
that it lias no dial to work, a circumstance which affords 
unusual facilities for a good clock. The old striking part 
still does the striking on a bell of considerable size. 

15. From these old church clocks have descended all 
the modern race of smaller clocks and watches, which have 
arrived at a degree of perfection which seems truly won- 
derful, when it is considered that, though there is no 
such thing in nature ^ a perfectly isochronous pendulum 
(one which vibrates different arcs in the same time), and no 
such thing as a train of wheels with perfectly uniform action, 
yet pendulums can be kept vibrating with no greater devia- 
tion from isochronism than one beat in half a million. In 
the mean time the church clocks themselves have descended, 
in the hands of all but a few makers, into little better than 
ironmongery ; and many of them display the grossest ig- 
norance, not only of horological, but of the commonest 
mechanical principles. Perhaps the most striking instance 
of neglect of horological principles is the practice, of which 
Mr. VuUiamy in his ^Considerations on Public Clocks^ 
gives several instances, of putting fans or wings to the 
pendulum; I suppose, for the purpose of preventing it 
from occasionally swinging so far as to drive the pallets 
into the scape wheel under the influence of such a weight 



26 


CLOCKS. 


as was found necessary to carry the train through all the 
occasional impediments arising from bad catting of the 
wheels, dirt, the force of the wind upoji the hands, and all 
kinds of mechanical defects. It is remarkable that, until 
lately, the French have been much in advance of us in tins 
.largest kind of horological engineering, and have spent 
much larger sums upon their public clocks. Mr. Vplliamy 
mentions no less than four in Paris, which appear ench to 
have cost about £1000, exclusive of some other expensive 
appendages, such as enamelled dials, and the bells. There 
is not a clock in England which has cost anything near 
that sum, exclusive of chimes and other appendages, which 
do not strictly belong to the clock. The estimates for the 
Great Clock for the New Palace at Westminster indeed 
exceed that amount ; but that is to be a perfectly unique 
sj>ecimen, combining unusual size and unusual provisions 
to secure accuracy of* 'performance,^ as the clock making 
phrase is. 

Of late, however, an improved style of turret-clock 
making has been introduced by some of the best makers. 
And since the erection of the clock at the Royal Exchange, 
which contains several contrivances never before used, there 
can be no doubt that, if we choose to pay for it — and less 
than half the cost of the above-mentioned French clocks 
ift sufiBcient for all but the laf gest clocks — ^we can have large 
docks made just as well as small ones. The present as- 
tronomer royal (who certainly cannot be accused of undue 
partiality to his own countrymen in matters of science) has 
said that he has no doubt that the Exchange clock is 'the 
best public dock in the world,^ and that he ' believes it is 
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superior to most astronomical clocks in the steadiness of its 
rate.'* Of coufse this degree of accuracy cannot be ex- 
ited in any but* the very best clocks; but by merely 
attending to a few simple considerations they may certainly 
be made^ and without any great addition to their cost, to 
approach to the accuracy of all but the most highly finished, 
astronomical clocks or regulators, instead of being, as they 
frequently are, merely the public exponents of the time of the 
best clock which the man who ^ looks after them' liappens 
to possess, or of the nearest railway station clock, wliich is 
probably a small spring-clock tliat cost £5, and is set 
right when it gets as much as five minutes wrong. 

16. It is evident that a fly, either with fans or weights, 
would, if the resistance of the air and the friction of the 
machinery were uniSum, produce a constant velocity in a 
train of wheels turned by a weight hanging by a string 
unwound from the axis of the first wheel in the train. One 
would imagine therefore that this would be the earliest form 
of a clock, as it is the most simple, and a fan-fly was 
actually used in De Wick's clock, as it still is, to regulate 
the velocity of the striking part. Whether this was so or 
not, we have no means of knowing; but it is worth noticing 
that that Construction^ or a slight modification of it, is 
actually in use now. The dock which is used to keep the 
great equatoreal telescope at (Cambridge in motion opposite 
to the motion of the earth, so that it may remain for some 
time pointed to a given star, and not move by jumps as it 
would if driven by a clock with a vibrating pendulum or 

* Parliamentary Papers respecting the Great Clock for the New 
Palace, 
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balance, is regulated by a governor, Uke that of a steam 
engine ; which is also called a tonical pendmhm, because 
the rod of each ball describes a cone -as it revolves. 4l.s 
the force of the train increases the velocity of the balls 
they fly farther out, wliich increases their moment of 
inertia or resistance to motion, and may also be made to 
apply an increasing friction by means of a spring to some 
part of the clock, and so restrain the increasing velocity, 
as the governor of a steam engine regulates the supply of 
steam to the cylinder. Such pendulums have not yet been 
made to approach the accuracy of a vibrating pendulum 
with an escapement, being much more affected by any 
variation in the force of the clock. The time of one 
revolution of such a pendulum in a circle (which it cannot 
always be persuaded to describe) is "the same as that of a 
double oscillation of a vibrating pendulum whose length is 
equal to the height of the point of suspension of the 
revolving pendulum above the plane of the circle in which 
the ball revolves ; which will of course vary as the force 
that drives the pendulum varies. There are other practical 
difficulties in their use ; and it appears to me that uniform 
continuous motion of a train that has heavy and therefore 
variable work to do is more likely to be obtained by the 
method which I shall describe under the head of train 
wemmtoires (176), than by^ any contrivance for regulating 
the motion of a conical pendulum by friction. 

17. Most people know that a clock consists of a train 
of wheels, generally four, of which the lowest, if it is an 
eight day clock, turns round in about twelve hours, or 
requires fourteen turns to wind it up for the week, and the 
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highest turns in a minute. The tura intermediate wheels 
are merely required to carry oflf the difference of Telocity 
between the two extreme ones and to work the bandsr 
The lower of these two intermediate wheels is usually made 
to turn once in a hour, so that the long or minute hand 
may be set upon its axis or arhor produced as far as the. 
face o£ the dock ; and the second whed has nothing to do 
but to reduce the multiplier of sixty, or the ratio of the 
vdocity of the highest to that of the centre vieel, as the 
one which carries the long hand is usually called. It may 
be convenient to give a sketch of the common arrangement 
of the going part of a dock, with the different parts marked, 
from which their action will be pretty evident. 

18. The string is coiled 
sixteen times roun J the 
barrd when the dock is 
wound up. The barrel axis 
or arbor has a square end 
to fit the winding key, and 
when you turn it to the 
right the ratdiett teeth, of 
which three or four are 
shown in the drawing, rjise 
the dick which is fixed to 
the great whed and kept 
pressing against the ratch- 
ett by a spring ; but when 
you stop winding, the ratcli- 
ett teeth cannot pass the 
other way, and so the weight acts upon the whed, tending 
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to turn it to the left. ' The great whed has usnally 
ninety-six teeth, and it drives the little "whed or pinion 
of the centre whed, wliich has eight teeth or leavesy and 
therefore goes twelve times as fast as the great wheel. 
The centre whed drives the pinion of the second whed, 
.which drives the scape wlieely and their teeth and leaves 
may be divided in any way, so that if be the luimber 
of leaves of the scape wheel pinion, jp, of the second whed 
pinion, and and the number of the teeth that drive 

them respkjtively, ^may = 60. The oiJy conditions to, 
P I P a 

be observed are, that no driven pinion ought to have less 
than seven leaves at the lowest (except of a kind which 1 
shafl mention hereafter) ; and that if the teeth of both 
wheels are of the same size, the centre wheel must have 
inore than, or at least as many as the second, or they 
Could not be got into Vhe fratoe together. Suppose either 
Pi Pa seven leaves and the other eight, then 

i 1 must = 60 X 56 ; and those two numbers 60 and 66 
Will do for the teeth of those two wheels as well as any 
other numbers giving the same product. 

10. With regard to the weight, the reader will observe 
fliat it hangs by a double line, or a single moveable pulley, 
the effect of which is that only half the weight really acts 
Upon the clock; but then tlie string is upon the whole 
double the length of the actual fall of the weight, and 
therefore the effect of the weight is just the same if it were 
hung by one string and had the same fall ; in which case 
the barrel would of course have to be only half the size, or 
the number of teeth in the wheel doubled, or the number 
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of leaves in the centre wheel* pinion halved. In com- 
parisons of clocks one sometimes sees calculations of what 
the weight is^ equivalent to ' on the single line or what 
is worse, a mere statement of the weight without any in-* 
formation as to its fall, which is just as necessary an 
ingredient in the comparison. It does not signify (except, 
as regards the friction of the pulleys, which cannot be re- 
duced to calculation) what the weight on the single line is, 
or whether there is one line or a dozen : a given weight 
falling a given height is equivalent to itself, and to nothing 
else, except another weight falling a height as much greater 
or less as the weight is less or greater. Therefore in every 
possible .case if you want to see how much of the ^ first 
power^ of the clock is wasted in the friction of the train 
and pullers, or how &uch a given escapement requires, you 
have nothing to do but to remove the pallets and fix to 
the scape wheel or its arbor an amf of any length that is 
convenient, and hang small weights to the end of it, till 
you find what weight the clock will just decidedly lift, 
the arm being horizontal. The arm should have a coun- 
terpoise and be as light as possible, so that its own weight 
may not enter into the question or add much to the friction 
of the scape wheel pfyots. Now if you know the fall of 
the dock weight for eight days, you know it for one day, 
and one minute, or one revolution of the scape wheel, 
whatever it may be, or any aliquot part of that revolution ; 
and if you know the length of your measuring rod you 
know that its end would move through a space 6*28 
times the length of the rod in one revolution : or, without 
that calculation, jqm may turn the scape wheel through 
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one-eighth or one-tenth of *a revolution, and measure how 
much the little weight rises therein. SuJ)pose this rise is 
i, and tke corresponding fall of the great weight 
then the great weight w ought to be to the little weight m 
as ht a. It will in fact always be a great deal more, and 
•the amount of the excess olLwa over md in diflferent clocks 
shows the comparative loss of power in their trains. • 

20. And again for the converse of the experiment as 
regards the escapement (of which I shall treat presently) 
when you know what the momentum of the clock weight 
really amounts to by the time it reaches the scape wheel, 
you know how much of it is consumed in driving the 
train, and how much goes to drive the pendulum. These 
piroportions will be found very different in different clocks. 
But it is time we should proceed to explain what that im- 
portant part of a clock called the escapement is. 

CT 

ESCAPEMETfT. 

21. An Tkcwpemmt is a contrivance by which the 
teeth of a wheel, commonly called the scape wheel, are 
successively let go and stopped at certain short intervals of 
time. In all the common kinds of escapements there are 
two pieces of steel called pallets fixed to an axis which 
vibrates, so that as one pallet moves out of the way of the 
teeth, the other moves into the space between some two 
teeth, and so stops the wheel. Consequently as every tooth 
has, at some point in the revolution of the wheel to clear 
both pallets, there will always be twice as many beats in one 
revolution as there are teeth in the wheel. But the es- 
capement must do something else : the pallets must be of 
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such a shape that as the teeth escape they shall give a push 
to the pallets^ apd this push is communicated to the vi- 
brating axis, and to the pendulum or balance, wliich is 
attached to it. A balance is simply a fly wheel, and wag 
no doubt flrst called a balance, because in the earliest clocks 
it was ill the form of a balance and not of a wheel, con- 
sisting of two arms set upon a vertical axis and carrying 
weights hung at the ends of the arms. This was the form 
of the balance of De Wick^s clock : afterwards the weights, 
instead of being hung on to the arms, were screwed on, so 
that their distance from the axis could be adjusted more 
accurately. The escapement was. exactly the same as that of 
a bottle-jack, or the commonest kind of watch, and is called 
a vertical escapement. The pallets are two flat pieces of 
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steel set on to a vertiool axis, in planes about at right 
angles to each other. In this drawing the. highest tooth of 
the wheel (wliich is from its shape called a crown wheel) 
is represented as just escaping and coming' forward (or 
towards the reader) ; the lowest tooth then strikes against 
the lower pallet, which stops it; and not only stops it, 
but, as the vibration of the balance in that direction cannot 
be suddenly stopped, the pallet advances a little further 
forwards, and so brings the wheel back a little, and produces 
what is called the recoil, which is, in a less degree, com- 
municated to the rest of the wheels, and ultimately to the 
weight wliich drives them. It is evident that each tooth 
as it escapes gives a push or impulse to the pallet which 
presents a sloping face to the direction of the tooth; and 
so the time of a vibration in this clock depended upon the 
force of the impulse relatively to the moment of inertia of 
the wheel, except that«^a greater force would cause it to 
make larger vibrations. The effect of such an escape- 
ment as this may be judged of by taking the pendulum off 
a common clock, leaving the crutch on, and observing the 
difference between the time the hands wiU take to make a 
revolution when the weiglit is in its original state and 
when it is added to. In a bottle jack the piece of meat 
and the iron wheel which is generally hung to the jack 
together form the balance. Tlfe jack is driven by a spring 
instead of a weight, and the velocity of rotation of the joint 
diminishes as the spring runs down. The scape wheel of 
the vertical escapement must either have an odd number 
of teeth, or the axis of the pallets must be a little on one 
side of the centre of the wheel. 
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22. Clocks remained with balances it seems for about 
300 years after De WicFs time. And there was a great 
dispute as to the first inventor of clock pendulums. It is 
usually stated that the famous Galileo discovered (as he 
supposed) from observing the swinging of a lamp hung 
from the top of a church, that pendulums oscillate 
tlirough different arcs in the same time: a property 
wliich is called the isochronism of the pendulum. It 
is said, however, in the able and interesting article on 
clocks in the Encyclopmdia Britannica (last edition), that 
this cannot be reckoned among the discoveries of Gali- 
leo, ^ for the ancient astronomers of the East employed pen- 
dulums in measuring the times of their observations, 
patiently^counting their vibrations during the phases of an 
eclipse or the transit of tlic stars, and renewing them by a 
little push with tln^ finger when they languished : and Gas- 
sendi, EiccioU, and others in more recent times followed 
their example.' 

It is not indeed strictly true that pendulums do vibrate 
different arcs in the same time ; but it is true, that so long 
as tlie arcs do not exceed a few degrees, the oscillations are 
very nearly isochronous. And, therefore, if a pendulum can 
be kept swinging nearly the ^ame small arc, its oscillations 
will be so nearly isoclironous, that the difference will 
not be sensible except in a considerable time. This dis- 
covery would naturally lead to the application of the pendu- 
lum to clocks : and as is usual in such cases, the invention 
was probably made independently by several persons about 
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the same time. And in favour of the claim of Harris^ tlie 
clockmaker, who is said to have made a pendulum clock for 
St. Paulas, Covent Garden, in 1621, several years before 
Dr. Hooke, Huygens, or Galileo^s son, who all claimed the 
invention, it may be remarked, that if, either by accident or 
design, he placed a clock with the axis of the balance hori- 
zontal instead of vertical, and left one of the arms without 
its weight, he would see that he had made a clock with a 
pendulum, of which the isochronism was probably by that 
time generally known, and he would naturally adopt it 
immediately. 

23. But whoever was the inventor of pendulum clocks, 
there is no doubt that Huygens was the discoverer of the 
true theory of the pendulum ; and though his application of 
the theoiy to practice is now abandoned, yet as all pendu- 
lum calculations depend upon it, it is proper to give a short 
explanation of it. He discovered that the curve in which a 
body must move so as to oscillate large and small arcs in 
the same time is not a circle but a cycloid; which is 
A the curve genera- 

ted by a point P 
in the circumfe- 
rence of a circle 
D E P rolling on 
a straight line B C. 
And he also found 
that it has this re- 
markable proper- 
ty : that if the cy- 
E cloid B P P C is 
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cut in two at its lowest point and the two halves put 
together as in this figure^ CF being placed in the position 
AB, and B F in the position AC, then the end of a string 
A P of the same length as AB will, as it unwinds from A B 
and winds on to A C, redescribe the original cycloid B P F C. 
This is expressed mathematically by saying that both the in- 
volute^and the evolute of a cycloid is an equal cycloid. Con- 
sequently if a weight or bob were hung on to the end of the 
string A P, it would be a pendulum swinging between the 
cycloidal cheeks A B, A C, and describing the cycloid B P F C; 
and such a pendulum would make large and small oscilla- 
tions in the same time, or wou^d be perfectly isochronous. 
Nevertheless it is found that the impossibility of making the 
cheeks so accurately as to cause the pendulum to vibrate in 
a true cycloid, as weli as other causes, all apparently insigni- 
ficant, so* much disturbs the isochronism of such a pendulum, 
that it is more isochronous, even up to arcs of 6® or 7°, with- 
out the cycloidal cheeks than with them. 

24. It will now be evident why pendulums swinging in a 
circle in small arcs are nearly isocluonous, and more so the 
smaller the arcs are ; for if you describe a circle with the 
radius AF, it will very nearly coincide with the cycloid for 
a short distance near F, the lowest point of the cycloid, but 
will deviate farther from it the farther you go from F ; but 
the smallest arc in the eifefe really takes more time to 
oscillate than the largest in the cycloid. Tire differenoe 
between the time of any small arc of the circle and that 
of any arc of the cycloid varies nearly as the square of the 
circular arc, or of the angle which it represents ; and again 
the difference between the times of any two small and nearly 
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equal drcular arcs varies as the arc itself ; that is^ if a clock 
pendulum is swinging 4° from zero, and from some cause 
the arc is diminished 5' or 10', the clock will gain twice as 
much as if it had only been swinging 2° when the same 
diminution took place : which is just the opposite of what 
.would probably have been guessed. This is called the 
circular error, and if a is the arc, and da the decrease of it, 
the gain of the clock in the day (supposing it to have a 
seconds pendulum) is 10800 ada = rather more than 1 
second, if a = or *035 (the radius being unity) and 
da = 10'. 

25. It is well known that a two seconds pendulum is 
four times as long as a one second pendulum : that is to 
say, the time of vibration of a pendulum varies as the 
square root of its length. But tliis dfoes not tell us what 
the actual length of a seconds pendulum must be. Let 
I be this length, and t the time of one oscillation measured 
in seconds ; x the ratio of the cii'cumference of a circle 
to its diameter, or 3’ 1416 \ ^ the force of gravity, wliicli 
is expressed by the number of feet per second, or the 
velocity with wliich a body is falling at the end of one 
second, or twice the height that it falls in a second ; then 
Tu England ^ = 32*2 feet; and therefore the 
length of a simple pendulum ^to vibrate in one second of 
mean time must be 39*14 inches nearly. And in like 
manner the pendulum to vibrate sidereal seconds must be 
39*14x 997^=38*87 inches (§7). I may mention here 
that a clock with a pendulum for mean time may be made 
to show sidereal time (though it will not mark sidereal 
seconds) on another dial, by the addition of four wheels 
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and two arbors as follows. Put -a wheel of 34f7 teeth on 
the centre-wheel, arbor of the clock, and let it drive a' 
wheel of 831 teeth on an arbor which also carries a wheel: 
of 43; and If that drives one of 32, this last wheel 
will serve for the centre wheel to carry the minute hand- 
of the sidereal dial : as it will turn slower than the other 
centre- wheel in the ratio of sidereal to mean time within 
a fraction of no more than yjVir of a second in a day.* 

I spoke just now of a ^m^le pendulum. A simple 
pendulum is, what can only exist in theory, viz., one 
in which the rod has no weight and the bob consists 
only of a single heavy point. ,The weight of this point 
or oob is of no consequence in the theory of the simple 
j>endulum, though it is, as we shall see, of great con- 
sequence in practice in resisting the various disturbances 
to which* a pendulum is subject. Every real pendulum’ 
however (which in mathematics is called a compound pen- 
dulum) is equivalent to some imaginary simple pend^dum ; 
and the thinner the rod is, and the heavier the bob, the 
more nearly the real pendulum will approach in length to 
a simple one of the same length, measured from the point 
of suspension to the centre of the bob. When the rod 
and the bob are of any regular shape, as they generally are 
in clocks, it is not very difficult to find by calculation the 
length of the equivalent simple pendulum, or the distance 
from the axis of suspension to a point in the real pen- 
dulum which would be the bob of the simple pendulum if 
the whole mass were collected there. This point is called 

* Tliese numbers are taken from the Philosopliical Magazine for 
Feb. 1850. 
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the centre of oscillation. • But it is not like the centre 
of gravity, a fixed and independent point, for there is a 
different centre of oscillation for every different centre of 
suspension. It cannot be explained how the centre of 
oscillation is found without reference to another imaginary 
^ quantity called the radius of gyration. If M is the whole 
mass of a body revolving or oscillating about any axis, 
and k is the radius of gyration about that axis, then M^= 
the sum of all the elements m of the body each multiplied 
into the square of its distance r from the axis, which may be 

expressed as S{mr^; and therefore i * = * This 

sum can only be found by means of the integral calculus 
in every particular case. But there is this curious property 
in revolving bodies ; that if we have qnce found the radius 
of gyration belonging to an axis through the centre of 
gravity, then the i belonging to any parallel axis at the 
distance A from the former one is given by this equation 
+ Suppose then tliat we know what is 
for a body of any shape of which a vertical section in a 

plane perpendicular to 
tlie axis of suspension is 
A B C D revolving round 
its centre of gravity G, 
and we make it revolve 
or oscillate about a new 
axis through S, and we 
want to know what is 
the length SO of the 
equivalent simple pen- 
dulum ; it may be proved 




PENDULUM. 


41 


that 8 0 = and G0 = 80 — SGss^. 

D vr o G 

Prom this we may see also that if we draw two circles 
round G, one flith the radius S G and the other with radius 
0 G, we may put the axis of suspension anywhere in either of 
the two circles and still the body will oscillate in the same 
time. Perhaps therefore the raditis of oscillation would 
he a more correct term than the centre of oscillation. 
Now since ^ ^ ~ Qg is evident that the nearer the axis 
of suspension is to the centre of gravity, the farther the 
corresponding centre of oscillation will be; and this is 
the reason why a small and^ delicate scale-beam will 
oscillate as slowly as a pendulum many feet long; audit 
also suggests a mode in which a pendulum might be made 
to oscillate very slowly in a small compass. If we make a 
pendulum with two bobs, one above and one below the 
axis of suspension, or take a wheel with a heavy rim and 
suspend it on an axis a little out of its centre, it may 
vibrate two or more seconds in no greater space than a one 
second pendulum; but such a pendulum will not be so 
effectual in resisting the disturbances of the escapement as 
a long pendulum of the same weight, wliich is what we 
want a pendulum to do. 

In all clock pendulums the effect of the weight of the 
rod is to tln-ow the centre of oscillation a little above the 
centre of gravity of the bob, though below that of the 
whole pendulum ; and by a few trials of the bob at different 
heights the pendulum can be made to vibrate in the proper 
time without the trouble of actual calculation. Now on 
looking at the drawing of the cycloid, it is easy to see that 
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the centre of suspension of a real [Le. not a simple) pen- 
dulnm swinging between cycloidal cheeks is continually 
dianging, and therefore the radius of oscillation is con- 
tinually changing, and deviating from the length required 
to describe the cycloidal arc. In other words a real pen- 
•dulum swiDging in cycloidal cheeks is not equivalent to a 
simple pendulum swinging in a cycloid, and therefore is 
not isochronous. 

SUSPENSION OF PENDULUM. 

26. Pendulums are now almost always suspended by 
a short and thin spring instead of an axis, because th^ 
then swing without any friction; and they are connected 
with the axis or arhor carrying the pallets by a fark or 
crutch, which is a light rod or arm coming down from the 
pallet arbor as if it was intended to be the pendulum, 
but ending in a fork which embraces the pendulum 
rod closely but not so tightly as to prevent the rod 
from sliding within it; so that the pendulum and the 
crutch move together, and the pallet arbor vibrates 
as if the pendulum were hung directly to it in the 
old way. It is to be observed, that as the spring does not 
admit of being bent suddenly like a string, but assumes 
a curved form as the pendulum swings, its effect approaches 
to that of the cycloidal cheeks. It has accordingly been 
attempted to make the spring of such a form and strength 
as to render the vibrations of the pendulum isochronous; 
but without success ; and it is of much more consequence 
to find the spring which requires the least possible maintain- 
ing force to keep up a given amount of vibration of the 
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pendulum; which is probably as thin a spring as is safe for 
the weight of the pendulum. 

I am aware that^me experiments have been published, 
and referred to in the article on clock-makings among the 
' manu&ctures,^ in the Encyclopedia Metropolitana, from 
which it would appear that a spring *003 of an inch thick af- 
fected the vibrations of a pendulum of 141bs.weight less than 
any other spring of the same length and width, either thicker 
or thinner. I must say I should have had some difficulty in 
believing that there was not some mistake in such a result, 
from the thinner springs ^ving got what is called a eet in 
fixing them (which is very likely to happen with very thin 
ones) or some other cause, even if I had not been told also 
that similar experiments have been made by other persons with 
the different and more? probable result,* that the thinner the 
spring, without limit, the less it affects the pendulum. And 
as springs cannot be used with safety of such thinness 
in proportion to the weight of the pendulum as that above 
mentioned, we may in any case adopt the practical conclusion 
tbat the thinner the spring is the less it will affect the pen- 
dulum ; that is, the less its rate will differ from a pendulum 
hanging from an axis of infinitely small thickness. 

27. It is of great importance that the real point of 
suspension of the pendidum, that is the top of the spring 
where it begins to bend, should be kept firmly in the same 
place ; for if it moves it will increase the time of vibration, 
since this is evidently the same thing as if the fixed or real 
point of suspension was a little higher up, or the pendulum 
so much longer. For this reason, in the best clocks, the 
cooh which carries the pendulum is a strong piece of brass. 
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or in large clocks a cast-iron frame, firmly fixed to the wall 
at the back of the clock. In order that the pendulnm may 
hang so that the spring will have no tendency to twist it as 
it swings, the top of the spring is pinched or 'clipped^ 
between two thick pieces of brass or iron called and 
.firmly screwed there ; and these chops have square ends 
exactly at right angles to a line down the middle • of the 
^ring. A little way below the top of the chops, and 
exactly in the middle, a strong steel pin is put through 
them and the spring between them, at right angles to the 
plane of the spring, and this pin has shoulders, so that 
it^ thin ends beyond the shoulders wiQ just drop into hvo 
nicks or Vs in the sides of the cock with the shoulders 
resting against the sides. It is evident that the effect of 
this be that the weight of the pendulum 'will cause the 
square ends of the chops, and therefore the top of the 
spring, to be horizontal; and so, if the pendulum is made 
symmetrically, as of course it ought to be, it will vibrate in 
a vertical plane at right angles to the line which is the top 
of the spring, without any tendency to twist. 

28 . The two Vs should be made as nearly level as 
possible, and the clock frame must be so placed that the 
pallet arbor is exactly at right angles to the plane of motion 
of the pendulum. It will be ^ily seen if it is not, because 
then the pendulum will slide backwards and forwards in the 
fork by which it is connected with the pallets. In the 
chapter on church clocks I have given a drawing which will 
show the suspension of a pendulum. In common clocks, 
both house and turret clocks, the cock is fixed to the clock 
frame, and has merely a slit in it into which the spring fits. 
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having a piece of brass rivetted'on to the top to keep it 
from dropping through the slit. And this slit is very often 
made so crooked^ or oblique to the axis of the pallets^ that 
there is consiJlerable friction of the pendulum sliding in the 
fork ; and the cock is generally made so slight, and the 
clock itself so loosely fixed to the clock case, that the motion, 
of the. pendulum may be plainly felt if you put your finger 
on the clock. 


KNIFE EDGES. 

29. Occasional mention may be seen in books of 
pendulums vibrating for several hours on Icnife edges^ that is 
on a siispension much like that of a scale beam. Such 
a suspension is the best for experiments to ascertain the 
undisturbed time of ^bration due to gravity only, excluding 
the elasticity of a spring; but it is not to be inferred that 
it will answer in practice for a permanent pendulum of the 
proper weiglit for a clock ; for even if the knife edges and 
the planes on which they stand are made of the hardest 
stones, it is found that they soon suffer from the severe 
pressure, and introduce an amount of friction which is fated 
to the accuracy of the pendulum. 

FRICTION# WHEELS. 

30. A suspension on friction wheels has also been tried, 
but generally without success, the pendulum pivots always 
wearing a hollow in the wheels; and then of course they 
ceased to roU, and produced an amount of friction which 
was fatal to the proper action of tho pendulum. Mr. Vul- 
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fiamy^ however, states in the papers respecting the West- 
minster clock, that the pendulum of the dock at the Post- 
office, which weighs 4 cwt., has been going ever since it was 
pat up upon friction rollers ; that is to say, upon so much 
(rf an entire friction wheel as is required for the small angle 
, through which the pendulum vibrates. The arrangement is 

shewn in this drawing. 
The bearing faces of 
these portions of fric- 
tion wheels are not in- 
deed made sensibly cir- 
cular, but are flat pieces 
of very hard steel, with 
certain provisions for se- 
curing to the pivots a 
flat bearing which it is 
not necessary to des- 
cribe ; but as the radius 
of the pivots is only 
1-1 50th of that of the 
friction wheels, which 
are 2ft. Gin. long, and 
the rollers only move 
through an angle less 
than 1' on each side of zero, the versed sine or measure 
of the curvature of a friction wheel for that angle is too 
small a quantity to be expressed by a table of logarithms of 
seven figures; and therefore for all practical purposes the 
bearings are the same as if they were cylindrical portions 
of entire friction wheels* 
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Mr. VuUiamy tells me that* from the weight having 
been thrown almost entirely upon the pair of rollers neaiart 
to the pendulum, and the faces having been allowed to get 
dirty, it has been necessary to repolish them once latdy. I 
should be inclined however to make the pivots rather 
thicker than *4 inch diameter for a very heavy pendulum ; 
and the rollers should be placed nearer together, because 
the farther they arc o£P the greater the pressure is upcm 
them, in the inverse ratio of the cosine of half the angle 
included between them. It happens that for 60°, the an^ 
at winch they stand in the Post-office clock, they have to 
bear just l-4th more pressure than the actual weight of 
the pendulum. They would act at any angle safely above 
that to which the pendulum swings ; 20° between them 
would give them a sufficiently wide ntride for a firm bearii^ 
and add ^hardly anything to the pressure and woidd also 
reduce the tendency wliich friction wheels always have to 
twist the pivots. The pivots here are not indeed common 
projecting pivots, wliich would be too weak, but a hard 
piece of turned steel bedded into a strong beam, to which 
tlie pendulum is hung, and to another part of which the 
pallets are fixed. 

Tlie advantages of this method are, that there is no 
necessity for any compensation of the spring ; which how- 
ever, as will be explained uifdir ' compensation of pendu- 
lums,' requires only a small addition (though of rather uncer- 
tain amount) to the ordinary compensation required for the 
expansion of the rod. The risk of a spring breaking is too 
rare an accident to be worth enumerating as an advantage of 
this suspension; and it can be repaired in an hour when it 
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does happen. The principal advantage of it probably 
is that it enables the pallets to be put on the arbor 
which carries the pendulum, or in other words dispenses 
wili. a crutch, and therefore prevents the loss of force 
which must always (though to a small extent) take place 
in the transmission of the impulse through the crutch, both 
by the friction and the shake iu its pivot holes ; and we 
shall see that everything that diminishes this force, and 
therefore requires a stronger pressure on the pallets, in- 
creases the chances of error in the going of the clock. 

No doubt even the small amount of rolling friction 
in this suspension would destroy the motion of a free 
pendulum sooner than a spring: but the proper com- 
parison to make is between a common pendulum with 
a spring and crutch, and tliis without a crutch, I 
have no means of stating the result of sudh a com- 
parison, either as to this point or the performance of the 
same clock with the two different pendulums, which I 
should require to be tried before I would undertake to 
recommend such a suspension. Mr. Vulliamy however tells 
me that the Post-office pendulum was kept vibrating 2° 22 ', 
with only a weight of 30 lbs. falling at the rate of 47 feet 
in the 8 days (the dial work being unattached) ; which is 
an unusually small weight and fail for a large clock; and 
I must say (with the reeetvation just now made) that 
1 think this fact is of much more importance towards 
determining the actual merits of the plan than the 
astronomer royal^ s inference, in his report upon the plans 
for the Westminster clock, that it would fail because he 
^ knows that it would fail for a balance or a vertical-force- 
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magnetometer:* on which it i^ very obvious to remark 
that knife edges, are the only things that answer for a 
balance, and yet th^y invariably fail under the continued 
pressure of a lieavy pendulum. I need hardly say that this 
suspension must be very expensive, and would require the 
greatest care in properly constructing and adjusting. 

31. Long after pendulums were invented, the vertical 
escapement continued to be used, in the form in which 
I liave suggested that Harris may have invented pendulum 
clocks; and such clocks are stiU in existence. The arrange- 
ment is that shown in tliis drawing, a second crown wheel 
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being used in order to keep the arbors of all tlie wheels 
except the scape wheel horizontal. A wheel of this kind 
is sometimes called a emirate wheel; and its teeth and those 
of the pinion wliich it drives ought properly to be of the 
shape required by two conical or bevelled wheels of the re- 
spective sizes of the wheel and pinion. In practice, how- 
ever, the pinion being small is made cylindrical as usual, 
and the teeth of the contrate wheel being thin, they work 
together sufficiently well for the work in which they are 
employed, such as vertical watches. Clocks with this 
escapement however have been quite superseded by the 
invention of 


ANCllOU PALLETS. 

32, These are said to have been invented either by Dr. 
Hooke, one of the most scientific men, and probably the 
greatest inventor of tlie 17th century, or by Clements, a 
London clockmaker. It will be at once understood from 
this drawdng what they are. {See next page^ The bottle- 
jack or ^verticaT pallets, being close to their axis of vibra- 
tion, required the pendulum to move through a large arc 
in order to clear the teeth of the scape wheel; and besides 
what we have seen of the disadvantages of large arcs, they 
require a larger maintaining power than small ones. In 
this drawing a tooth a is represented as having just escaped 
from the pallet A, and a tooth b on the opposite side of the 
wheel has dropped on to the pallet B, The pendulum will 
not however stop here, but will advance a little further to 
the left^ and so the slope of the pallet B will drive the tooth 
-^'back again a little and produce the recoil^ which may be 
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observed very plainly 
in any common Rouse 
clock with ^seconds 
hand. The sloped 
face of the pallets 
(■a uses the tectli to 
give them an impulse 
in escaping, so as to 
maintain the motion 
ot* the pendulum. 

This kijid of esca])e- 
luent is much the 
most common, and 
will probably never be . 
superseded, as it is 
sufficiently accurate 
for ordinary purj^oscs, 
and is very easy to 
make, since no par- 
ticular form is requi- 
red for the pallets. 

Their acting faces are generally made flat ; but tliey ait- 
better convex, as in the drawing, as there is then less recoil 
and less wearing of the pallet j by the points of the tcetli. 
Strange as it seems that brass teeth should w^ar holes iu 
steel made as hard as it can be tempered, it will always he 
found that the teeth have worn holes in these pallets after 
a few years, and the hole will be deepest towards the end of 
the place which the tootli reaches. It is evident that tV 
tendency to make this hole will be less if the pallet is cou- 

D 2 
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vex than if it is flat; and accordingly in the best clocks of 
this construction the pallets are so made ; ''and care should 
also be taken that they are so placed that the recoil and 
the drop may be equal from each pallet. The recoil escape- 
ment is now abandoned in all the best clocks, though it 
once had considerable persons as its advocates, who appear 
to have been misled by observing that it keeps the pendulum 
to the same arc more than the dead escapement does, and 
thence inferring that it would keep it more nearly to the 
same time ; whereas it is now proved, both by ex])eriment 
and calculation, that although, as the force of the clock 
diminishes from increasing friction or thickening of the oil, 
the arc will diminish, the clock will nevertheless lose ; the 
loss caused by the escapement being more than enough to 
counterbalance the gain due to the circidar error of the 
decrease of the arc. The same is the case with a w^atch 
having a vertical or a recoil escapement. 

DEAD ESCAPEMENT. 

33. The escapement which is now used in nearly all 
astronomical clocks and in all good turret clocks is called 
the dead beat escapement, and was invented by a clock- 
maker of the name of Graham in the last century. A 
recoil escapement would be converted into a dead escape- 
ment by making the slope of each pallet stop at the 
jmiuts A and B where the teeth fall, and making the rest 
of the pallets A D and B E portions of a circle whose centre 
is C the axis of the pallets. For in that case, however far the 
pendulum may swing no recoil can take place. The reason 
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why this escape- 
ment is so much 
better than the 
recoil escapement 
is, that a variation 
in the force of the 
clock train pro- 
duces hardly any 
effect upon the 
time of oscillation 
of the pendulum, 
though it produces 
a considerable ef- 
fect upon the ex- 
tent of its oscil- 
• 

lation. 

34, This may 
be shown in a ge- 
neral way as fol- 
lows. Let c be 



the angle wliich the pendulum rod makes with the 
vertical o when a tooth begins to act on the sloped face 
of the pallet, c' the angle on the other side of the vertical 
at which the impulse ends^ or the tooth escapes. Theo- 
retically c and c' might be equal, but practically c’ must 
be a little larger than c, in order that the tooth may not 
drop exactly on the comer of the pallet but just beyond it 
on the circular or dead part. Now while the pendulum is 
descending from c down to o the force of the clock acts 
in the same direction as gravity, which is the same thing 
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•as if tlie force of gi’avity, ' or the earth^s attraction, were 
increased by a certain amount ; but while the pendulum 
ascends from o up to gravity may be considered as 
diminished by the same amount (assuming the force of the 
clock to be constant throughout) ; and therefore on the 
whole the two disturbances would balance each other, but 
for the fact of c* being rather larger than c; and as the 
tooth evidently makes a larger angle with the pallet towards 
the end of the impulse than at the beginning, the force is 
not quite constant throughout, but a little greater tlirough 
c' than tlirough c ; and therefore on the w hole the force 
of gra\dty may be considered as a little diminished, and 
the pendulum will vibrate a little more slowdy than if it 
were free from the clock; for it is evident that if the 
attraction of the earth were weaker a'body would fall, or a 
pendulum vibrate, more slowly, as the time of the ascent 
is always equal to that of the descent. It is also evident 
that as the force acts throughout in the same direction 
as the pendulum is going, it must increase the arc of 
vibration. 

35. Moreover the uniform friction on the dead part of 
the ])allets hardly affects the time directly ; since from the 
extremity of the descending arc down to c it acts contrary 
to gravity, and from c' up to the end of the ascending 
arc it acts with gravity, but Vis it always retards the pen^ 
dulum of course it diminishes the arc. On the other hand, 
in the recoil escapement the action during the middle part 
of the oscillation is the same as in the dead escapement, 
but towards the extremities of the arc the force acts with 
gravity not only in the descent of the pendulum, but also 
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in its ascent during the recoil ; and therefore any increase 
of the force will Inake the pendulum swing faster, though 
at the same time the arc is increased by the action through 
the middle of the oscillation as in the dead escapement, and 
is not affected by the action at the extremities of the arc. 
The difference between the time of oscillation of a pen- 
dulum attached to a dead escapement and unattached 
being very small, the second difference, between the times 
of the same pendulum with different degrees of force in 
the escapement, must be exceedingly small ; which accounts 
for the accurate ^performance^ of clocks with this es- 
capement, 

36. This kind of reasoning however will not enable us 
to determine the actual amount of the errors arising from 
any particular amounf of change in the force, or in tlie 
arc. The calculations necessary for obtaining these results 
are too complicated to be introduced here, but the results 
themselves are sufficiently simple. Let D be the difference 
in twenty-four hours between the time of the da/s os- 
cillatioiis of a free pendulum and the same number of 
oscillations of a similar pendulum attached to a clock with 
this escapement ; a the angle of vibration on each side of 
zero ; c the angle at which the impulse begins, c' the 
angle on the other side of zero at which it ends ; W tlie 
clock weight, and A its fall m a day, M the weight of 
the pendulum, and I its length ; then it may be proved 

that D 2 ^ very nearly, provided that c/ and c are 

not larger than about , Suppose for example a to be 
8°, and c'— c = 20', W = 2 lbs. and >4 = 9 inches (which, 
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though less than usual, is* sufficient for a highly finished 
lilock with light wlieels), M = 14 lbs. and ^ = 39 inches ; 
then D will = .8 of a second. 

But it must be remembered that the daily error in the 
going of the clock is not B, but the variation of D due to a 
given variation in the force which arrives at the escapement, 
and to the change in the arc of vibration, which will vary both 
from changes in the force and the friction on the dead part 
of the pallets. Now if the force of the clock is increased by 
a small amount d W, and the corresponding change in the 
arc is called da, then it follows, on the principles of the 
differential calculus, that the increase of D, or 

rfD — D ( ^ a )■ 

.To this must be added the cir(j,ular error, which w^e 
found to be (assuming it to be entirely uncorrectcd by the 
pendulum spring) 10800 Therefore the whole daily 
loss of time wdll be 

10800 «<fo. 

If we took the friction on the dead j)art of the pallet{» 
into account, we should introduce another small term 
sdiowing a farther increase of time, and depending upon 
the pressure on the pallets and the coefficient of friction, 
or the ratio of the friction to the pressure (which is said to 
be from I to yV between well polished and oiled surfaces 
of brass and steel), and also depending like the others on 
d — c. Both for this reason, and because the dead friction 
diminishes the arc of vibration, the effect of which we shall 
see presently, it is by no means to be taken for granted 
that, because a constant friction on the pendulum through 
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equal angles on each side of zeto produces no direct effect 
upon the time of a vibration, therefore the friction in the 
dead escapement op the circular part of the pallets does no 
harm. We shall see a remarkable proof of the extent 
to wliich it diminishes the ability of the pendulum to 
resist the other disturbances, in an escapement (47) in 
which these other disturbances are much reduced, while the 
dead friction is much increased. Indeed it is obvious 
without either calculation or experiment, that the more 
friction there is, the larger must be the impulse required 
to make up for it, and consequently the larger will be all 
the errors connected with the impulse. 

37. We see now the true cause of the accuracy of the 
dead escapement, and also how we are to set about: it, to 
make this accuracy ^ great as possible. For though we 
cannot determine the proportion wliich the increase of the 
arc bears to tliat of the force, since it depends upon the 
varying friction of the different parts of the clock, yet we 
see that tliey have a tendency always to correct each other ; 
and whenever the state of the clock is such (as in one 
experiment I actually found it to be) that the arc increases 
just one-third as much as the clock-weight is increased, 
those two parts of the error will exactly counteract each 
other : and the ratio of the increase might happen to be 
such as to compensate the cirAlar error also. It generally 
happens, however, that as the clock gets dirty, the force 
and the arc decrease in such a proportion that the loss of 
time preponderates. 

But there is one case in which the opposite effect 
not unfrequently takes place to the surprise of those who 
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know the common result of a decrease of arc, and of 
which for some time I could not myself discover the rea- 
son, Church docks will often be found in a few months 
after they are put up to increase their arc of vibration con- 
siderably, and at the same time to gain. This increase of 
arc arises chiefly from the decrease of friction on the dead 
part of the pallets, owing to the teeth and pallets polishing 
themselves more perfectly than had been done by the 
maker. Moreover in most clocks the quantity that we 
have called D is much larger than in the above example ; 
and therefore the terms depending on D are much larger 
than the term containing the circular error. Consequently 
the term D ^—may preponderate over both the other 
tenns ; and a« it has a — sign the clock will then gain 
while the arc increases. 

It may be as well to explain that when a clock* gains it 
is said to have a -f daily rate of so many seconds, and 
when it loses, a — rate ; and it should be remembered that 
tliese signs are the reverse (»f those which indicate the 
decrease or increase of the Lime of an oscillation. I may also 
remind the inexperienced reader that the goodness of a 
clock is indicated, not by its rate, but by tlic variation in 
its rate. 

38. The effect which I have just'now mentioned, of the 
self-polishing of the pallets ^is of course only temporary ; 
and the general efiect of a decrease of force and of arc in a 
dead esca])einent is, that the clock gains a little, whereas a 
common recoil escapement loses considerably as the arc 
decreases ; and this has led to the adoption of a small 
recoil in the place of the dead part of the pallets, especially 
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in turret clocks, which are more liable to changes of 
friction than others. Tins recoil may be given by striking 
the circle of the dead part of the pallets, not from the axis 
of the pallets, but from a point a little below that axis, in 
the line of centres of the pallets and the scape- wheel, which 
produces a circle with a higher degree of curvature, and 
therefore raises the teeth a little after they have dropped 
on to the pallets : and the farther the pendulum swings 
the greater is the degree of recoil. This is commonly 
called the kalf-^dead escapement. 

39, There are some other things to be learned from the 
above expression for the daily erroc of a dead escapement, 
and some of them apply to all escapements. First, we 
observe that, as the weight and length of the pendulum are 
in the denominator of* the fraction, the larger they are the 
less the errors of the clock Mill be ; and this is the case 
with all escapements, and with all the errors, whether of 
friction or anything else, connected with the escapement ; 
for it is quite a vulgar error to suppose (other tilings being 
equal) that a heavy or long pendulum requires a heavier 
clock weight than a short and light one, except that of 
course in large clocks the pendulum spring is stiffer, and 
the whole of the machinery heavier, and so requires a 
larger weight to move it than in small ones. The best 
turret clocks have 2, or Seconds pendulums, which are 
about tliirteen and eight feet long respectively, and the bob 
sometimes as much as four cwt. Now if the same clock 
had a one second pendulum with a bob of half a cwt., 
instead of a two seconds pendulum with a bob of four cwt., 
it would go just tliirty-two times worse ; or in other words^ 
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if with the long and heavy pendulum it varied a minute in 
a months with the other pendulum it would vary above half 
an hour, 

40. The next independent quantity in the equation for 
D or cfD is 6/— c, or the difference between the angle at 
which the impulse begins and the angle (on the other side 
of zero) at which it ends, which is called the angle of 
^escape. And we see that the smaller this difference can be 
made the smaller all the errors of the escapement will be, 
as indeed was apparent from the general reasoning inde- 
pendently of the exact value of D, The limit to the 
smallness of c'— c is merely a practical one, depending upon 
the accuracy of the construction of the escapement, and 
upon the length of the pallets (by which I mean the arms 
that carry the pallets), for of course the longer they are the 
smaller will be the angle c'— c corresponding to a given 
linear space required for the tooth to fall upon. The 
length of the pallets can only be varied in two ways ; either 
by increasing the wheel and pallets together, or by in- 
creasing the number of teeth which the pallets embrace. 

41. But it is to be observed that as you increase the 
lengtli of the pallets you also increase the linear space over 
which all th(3 friction acts, both the friction during the 
impulse and the dead friction ; and if the wheel remains 
of the same size, the pressifre, to which the intensity of 
the friction bears a certain proportion, will be the same ; 
and so the total quantity of the friction will be increased 
by increasing the number of teeth embraced by the pallets 
in order to increase their length ; for the radius of each 
pallet, drawn from the pallet arbor to the comer of the slope, 
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must be a tangent to the circumference of the teeth of the 
scape wheel, in .order that the teeth on each side may act 
equally, and for the same arc of the pendulum, upon the 
slopes of both the pallets. The pallets therefore are seldom 
made to embrace more than the space of 10^ teeth, or 11^ 
at the most, when the wheel has thirty as usual. 

42. Again it is not desirable to increase the size of the 
wheel beyond what is necessary for its proper strength in 
proportion to the number of teeth, because its moment of 
inertia increases even more rapidly than its size, and so 
causes it not to follow the pallets so quickly : and when 
the wheel is too large, the teeth, may often be heard to 
jump or chatter on the pallets, from the length of the drop 
and the great linear velocity they have acquired when they 
are suddenly stopped.# In astronomical clocks, or ^regulators' 
as they are called, the scape- wheel is generally two inches 
in diameter or a little more, and c'— c can be made as httlc 
as 20' and ought never to be more than 30'. In turret clocks 
five inches is quite enough for the diameter of a scape 
wheel with thirty teeth ; and as that will allow more than 
twice as much linear space to the same angle as a wheel 
only two inches in diameter, o, may be made as httle as 
in a regulator. I have improved the going of a church 
clock, which was very well made in other respects, by opening 
the pallets wider, as they hid* been so set that the tooth 
fell on the circular part a good way above the slope, in- 
stead of as near to it as possible; and they fortunately 
admitted of adjustment. 

43. I have said nothing about the size of c'-fc as well 
as c'-'c, because that quantity does not enter into the 
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value of D. But; it is evident that the larger these angles 
are, the longer the impulse will last and the less dead 
friction there will be for the same degree of oscillation ; and 
also the less suddenly the teeth have to drop, and conse- 
quently the more closely they will follow the pallets at the 
beginning of the impulse. But on the other hand the 
friction occurs during the impulse instead of occurring on 
the dead part ; and the question between long and short 
impulses is one which is perhaps better determined by 
experiment than theory ; the result however both of tlieory 
and experience seems to be in favour of a short impulse, 
especially as it requires a less arc upon the whole, and less 
maintaining force. Mr. Dent makes c', the larger of the 
two angles not much above half a degree, and tlie angle of 
oscillation in Ids astronomical cloq^s, and some of them 
are going with only a weight of four lbs., and the pulley, 
falling tliree feet in the eight days. A clock of this sort 
is also sq/er than one in which the angle of impulse is 
nearly equal to the whole arc of vibration, for in that case 
a little diminution of the arc from any accidental cause, 
such as freezing of the oil, will cause the clock to stop. 
This was what the old clockmakers meant when they said 
that the excursion, or the excess of the angle of vibration 
above the angle of escape, ought to be large. 

44. There remains to be iwJticed one other ingredient in 
Wk 

the equation for D, viz. for these quantities evidently 
depend on each other, as you cannot increase the arc in a 
given clock, but by increasing either W the clock -weight, or 
h its fall in the day. As was observed before, it is impos- 
sible to say practically what increase of arc d a any given 
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increase of WA will produce ; but it is certain that the are 
increases much mq?*e slowly than the weight ; and^ moreover, 
as the arc is increased, the quantity of dead friction is in* 
creased ; and,*therefore, on the whole, it is found that no 
good is done by adding to the weight in order to increase 
tlie arc, (This remark will not apply to the next class of 
(36capements in wdiicjh there is no dead friction,) But if 
you can increase the arc by diminishing the friction on the 
jmllcts, or improving the suspension of the pendulum, that 
is a clear gain ; and accordingly the less weight and faU a 
clock requires to make the pendulum vibrate a given arc 
(otlier things being equal), the bjetter the clock will go. 
For this purpose the pallets ought to be made as hard 
as possible ; and in highly finished clocks they are made of 
jewels ; sappliires I understand are the best. It seems to 
be a (question whether steel or brass teeth work best upon 
jewels ; upon steel pallets there seems to be no doubt that 
brass teeth work with less friction than steel and require less 
oil ; but the brass should be hammered so as to make it as 
hard as possible, 

45. Various contrivances have been proposed for di- 
minisliing the amount of dead friction, such as having 
separate pallets for the dead part of the action, which are to 
be left behind by the pendulum as it advances beyond the 
angle of escape (c'), and carrte^the impulse pallets with it. 
It will be seen, when we come to remontoire escapements, 
why this plan is objectionable, besides the difficulty of con- 
structing it. Perhaps it might answer to put a large and a 
small scape-wheel on the same arbor, and short and long 
pallets on the same pallet arbor, the small wheel to give the 
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kupulse on the long palletsj and the teeth of the large wheel 



to be stopped by the 
short pallets contain- 
ing only the dead 
part, which however 
is to have a small re- 
coil in it. In that case 
the impulse might be 
given through a small 
angle near the middle 
of the vibration ; and 
the pressure which 
causes the dead fric- 
tion would be less 


from a large wheel than a small on^, and the space to be 
travelled over on the dead part of the short> pallets would 
also be less than on long pallets ; so that in every way 
there would be an advantage as regards friction. Tliis may 
be called a duplex escapement, as it agrees with the escape- 
ment of that name in watches. It would require con- 
siderable accuracy in its construction, but not more than 
another, which I shall mention presently, as having been 
constructed, and at work.* 

* 

46. There is another form of the dead escapement, 

. . . 4 ’ • 

which does not differ in principle from the common one, 
but has some mechanical advantages over it, especially for 
large clocks. It is called ^^pin-wkeel eacojoement. It will 


* I have made this and several other drawings in this book more 
with a view to an intelligible exhibition of the action of the parts, 
than to their actual or proposed conatruction. 
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be sufficiently clear from the drawing, tliat the pins are set 
on the face of tlife 
scape wheel ^ in- 
stead of teeth on 
its edge, and that 
the two pallets, 
instead of embra- 
cing about one- 
third of the cir- 
cumference of the 
wheel, are put so 
near together as to 
leave roomforonly 
one pin to pass 
between them; and 
the end of one 
slope should be just over the beginning of the other. 
The pins are only semi-cylinders, since the upper part of 
the cylinder could not act, and cutting it away allows the 
pallets to slip through close above the teeth, so as to waste 
as little drop as possible. The advantages of this escape- 
ment are, first, that it does not require so much accuracy 
of construction as the other; for in the common one if every 
tooth is not exactly in its right place, with reference to every 
other at the distance of ten or eleven from it, the escape- 
ment is liable to stick, and if the clock is going with a 
heavy pendulum a tooth is then pretty sure to be broken ; 
whereas if every successive pin in the pin-wheel escapement 
is nearly at the same distance from the one immediately 
before it they are sure to clear the pallets ; secondly, if by 
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any accident a tooth of the common scape wheel is broken 
the wheel is ruined ; whereas if a pin is broken a new one 
can be put in in a few minutes : thirdly, many more pins 
can be put into a wheel of given size, so as to clear the 
pallets, than teeth of the usual shape ; and therefore there 
is less drop and waste of power at every beat, and the 
wheel turns through a less angle and with less velocity, 
and therefore with less friction on its pivots, and can also 
have a larger number of leaves to its pinion, the advantage 
of which will be seen when we come to consider the wheel 
work; fourthly, both strokes on the pallets being down- 
wards, instead of one downwards and the other upwards, 
there is less shake in the pallet arbor ; in a common escape- 
ment the difference of stroke on the up and the dowii 
pallet can generally be distinguished by the sound. 

The only disadvantage of this escapement, as far as I 
know, is that the force of the cylindrical pins on the pallets 
is not so uniform from the beginning to the end of the 
impulse as with sharp teeth and pallets with straight slopes; 
in fact, the slopes ought strictly to be concave, in order to 
make the inclination of the tooth to the pallet the same at 
the end as at the beginning of the impulse. This however 
could not be done without the introduction of greater evils 
than the very small variation in the force. The pin escape- 
ment has been long used by the best makers of turret 
docks both here and in France. It is not used in 
the Exchange clock, because it is not so well adapted for 
jewelled pallets, which that clock has. Mr. VuUiamy 
makes the pins of steel acting on broad pallets, portions of 
turned cylinders, and without any recoil ; diminishing the 
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radius of the cylinder, or setting the same pallets on longer 
arms, would give them a small recoil. Mr. Dent uses hard 
brass wire .pins acting on pallets, not flat, but having the 
cross section a segment of a eircle, and he makes the escape- 
ment ^ half dead.' The scape-wheel for a 1 i sec. pendulum, 
witli forty pins in it, in the two clocks I shall mention, is not 
(juite four inches in diameter ; this shows the small amount 
of drop which this escapement requires compared with the 
common one. 

MR. AIRY'S DUPLEX SPRING ESCAPEMENT. 

47. Before I proceed to the next class of escapements, 
and by way of introduction to them, I will describe the one 
I alluded to just now, \fhich was invented by the astronomer 
royal, and of which three or four specimens have been 
made by Mr. Dent : one of them is now going in his 
shop in (k)ckspur-street. In order to prevent the inequali- 
ties of force of the train aftecting the impulse on the pendu- 
lum, there are two scape-wheels and two pairs of pallets, 
one for tlie stop, and the other for the impulse : the stop- 
wheel is the one connected with the train, and the impulse- 
wheel rides on the same arbor, and is connected with the 
other by a spiral spring. The stop- wheel is let go by its 
pallets, wliich have no sloped fanes, just before a tooth of 
the impulse-wheel would arrive at the slope of its pallets, 
and so the tooth is carried down the slope, and the impulse 
given by the force of the spring only, In fact, if the reader 
turns to the drawing of the duplex escapement in page 64, 
and supposes those two wheels reduced to the same size, and 
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connected by a spiral spring instead of by screws, it will re- 
present this escapement (which 1 may obseUrve is not the one 
suggested by Mr. Airy some years ago in his paper in the 
* Cambridge Philosopliical Transactions^). The advantage 
of it is that the impulse is constant, or at least has no 
greater variation tlian that of the force of the spring arising 
from changes of temperature, which is much smaller than 
the variations in force caused by the friction of the train ; 
with however this not immaterial exception, that the 
impulse-wheel turns with more friction, riding on the arbor 
of the other wheel, than if it turned on pivots as usual. 
Moreover the dead friction is that due to the train, and 
is very much greater than usual. The reader may form 
some some idea of the amount of force consumed by this 
friction and the additional weight * of the second scape- 
wheel, when I state that (reducing the falls to the same 
amount) the weight employed in driving this clock is more 
ihan twice as much as that employed in driving one of Mr. 
Dent's second-rate regulators, vibrating the same arc, and 
more than three times the weight of one of his &st-rate 
regulators, also with the same arc; notwithstanding the 
numbers of the pinions of the clock with the duplex escape- 
ment are lugher than those of either of the others, and the 
clock is made with the utmost care. And it is not sur- 
prising that this large amount of friction more than coun- 
terbalances the advantages of this escapement, and the 
clock does not go so well as a first rate regulator with the 
common dead escapement. Both these objections might 
probably be diminished ; the first by making the stop wheel 
ride upon an arbor or stud set on the frame, and carrying the 
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pivot of the impulse wheel in the manner I shall have to 
describe in a church clock lately made according to some 
snggestion&^f my own (177 ) ; and the second by using a 
large and light stop-wheel with short pallets in the manner 
above described (45). 

REMONTOIRE ESCAPEMENTS. 

48. Escapements of the kind just now described, (so 
far as the impulse wheel is concerned) in which the impulse 
is given to the pendulum by a small separate weight or 
spring, independently of the force of the train, are called 
by the French remontoire escapements, because the clock 
train winds or lifts up the maintaining force at every beat 
or at some given number of beats of the pendulum* They 
have long exercised ingenuity of clockmakers ; so 
long indeed and generally so unsuccessfully, that they 
appear to be considered by some people the philosopher's 
stone, or the perpetual motion, of clockmaking. It Would 
be impossible to describe in any reasonable compass the 
various inventions that have been made for the purpose, 
both for clocks and cluonometers. For chronometers they 
liavc always hitherto failed, and I liave no doubt they 
always will ; not only on account of the excesssive trouble 
and difficulty of constructing them on so small a scale, but 
because a chronometer train is so light that there is nothing 
like the same feiction and waste, and therefore variation, of 
force between the main-spring and the scape wheel as there 
is in clocks, especially turret cloche, for which remontoires 
are most required* But that they can be made and ill 
answer for clocks, both large and small, is fully proved by 
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Several examples of them which I shall describe as actually 
now at work with complete success, besides the one which 
I just now described and which may be^c/>Wdered an 
escapement of the ^ transition style^ between dead and re- 
montoire escapements, or rather between an escapement 
remontoire and a train remontoire. 

49. When the impulse is given to the pendulum by a 
small weight or weights, instead of a spring, raised at every 
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beat or other interval, they are called gramty remontoires, or 
merely gramty elopements. 

The iRQgt^simplq, though not the earliest form of the 
gravity escapement is this. ^ A C, B C, are two arms turning 
separately on pivots at C which coincide as nearly as 
possible with the axis of suspension of the pendulum: 
At the lower ends of the arms are two pallets of the shape 
in the drawing, so that a tooth of the scape wheel will 
slide along the sloped part and raise tlie arm until it comes 
to the little detent or hook at the end, which stops the 
tootli : the tooth at B is here represented as stopped, and 
the tooth at A ready to raise the afrn A C, as soon as the 
other arm is pushed farther out so as to set the wheel free. 
The arms have projecting pieces, D, E, reaching down to 
the proper distance to *be met by the pendulum rod. Tlie 
pendulum is here drawn as going to the right* and just 
touching the projecting piece E of the arm B C : as the 
pendulum goes on it will raise that arm and set the 
wdieel free to raise the other arm; and the pendulum 
will carry the arm BC with it as far as it swings, and 
when it descends again the arm will descend with it, 
not only as far as the place \iliere it was taken up, but 
farther, that is, until the slope of the pallet B rests upon 
the next tooth of the wheel, or upon some fixed stop set in 
the frame at the proper heigfit. The maintaining force 
upon the pendulum depends therefore, first, upon the 
weight of the arms, and secondly, upon the difference 
between the angle of the pendulum when it takes up eacli 
arm in ascending and leaves it in returning. If the arms, 
instead of acting by their own weight, were so counter- 
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balanced that their weight did not act upon the pendulum, 
and were fixed by short and rather stiff springs like a 
pendulum spring at C, the action would be eyidei^tly just 
the same, only it would then be a spring, instead of a 
gravity remontoire; and if not counterbalanced, it would 
be a compound of the two. 

50. This simple form of the escapement will do as well 
as any other to explain the general advantages, and the 
matheraaticid conditions to be observed in the construction 
of all these escapements, whatever may be their mechanical 
peculiarities. The advantages of them are evidently these : 
first, the impulse depends upon the action of a given 
weight pressing on the pendulum through a given distance 
(that is a given difference between two distances) and 
communicated without any frictioit, except the incon- 
siderable ftiction of the pivots at C ; the force is therefore 
independent of all variations in the friction in tli^ train 
and escapement. Secondly, there is nothing corresponding 
to the dead friction of the dead escapement, or the still 
greater friction of the recoil escapement ; and therefore the 
pendulum will be much less liable to variations in its arc 
of vibration : indeed there ^ no friction at all except the 
momentary friction of unlocking the teeth when the pen- 
dulum first catches the arms ; and therefore the pendulum 
will swing a given arc wifli less maintaining force. A 
third advantage has been supposed to be that the pendulum 
may be left quite free for some distance during the middle of 
its arc, since it need not be made to take up one arm as soon 
as it leaves the other : this however we shall find to be the 
worst construction, though it has been the most common. 
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51. Now if we could be sure that the pendulum would 
never vary at cHl in its arc, this escapement would be 
mathematinfiljy perfect. But there is no such thing in 
practical mechanics as perfectly invariable motion ; and it 
unfortunately happens that if the arc of vibration varies at 
all, from change in the density of the air or the little 
friction which exists, it produces much worse effects with 
this escapement than a much larger variation of the arc 
produces with the dead escapement. For as was shown in 
the recoil escapement, the additional force, or weight of the 
arms, acts with gravity both in the ascent and descent of 
the pendulum, and therefore the farther it ascends with 
this additional force acting upon it, the more the time of 
its oscillation will be diminished. In order to show the 
amount of this acceleration, let D as before be the increase 
of the time of all the oscillations of a seconds pendulum 
in a day when attached to this escapement: c the angle 
(from zero) at which the pendulum takes up each arm, c' 
the angle at wliich it leaves the other arm ; only you must 
remember that c' is now supposed to be on the same side 
of zero as c, and not on the opposite side as in the dead 
escapement ; W, h, M, /, and a, indicate the same things as 
in the dead escapement. Then it may be proved that 

The — sign indicates that D is here a decrease of time 
instead of an increase, c and d may be any angles we please, 
except that d must be less than c, or there will be no 
impulse given to the pendulum, and also c cannot safely be 
more than a — 30', since the unlocking of the wheel has 
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to take place while the peiidulum is moving through a — c. 
It will be found that whatever value of c — we take, 
subj^t to tliese conditions, the value pf D injtfcis escape- 
ment is many times greater than in the dead escapement. 
And since D is so much larger in the remontoire than in 
the dejid escapement, it was perhaps natural to suppose 
that the variations of D (which are the error of the clock) 
must be larger also; and experience was supposed to confirm 
tliis theory, for however carefully the remontoire escape- 
ments have been made, they have not generally equalled 
the accuracy of the dead escapement, and when they have, 
only by their mechanical advantages and very perfect con- 
struction. 

52. But although this conclusion would be perfectly 
correct if applied to any constructibn of the remontoire 
escapement which a clockraaker would spontaneously adopt 
(which accounts for experience appearing to confirm theory), 
there is nevertheless a construction, which, though not 
very convenient, is quite practicable, and will render the 
variations of D so small as to be inappreciable for any 
probable variation of the arc of vibration. In order to 
produce* this effect, it may be proved that c, c', and a must 
be made to satisfy this condition ; 

Many different values of c and & for any given value of a 
will theoretically satisfy the equation ; but practically the 
number is very limited by tbe circumstances mentioned a 
little while ago. Bor suppose that we intend a to be 120' 
and c" to be on the same side as e; then in order that a — c 
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may = 30', c must not be more than 90', and we shall find 
that the corresponding value of d is very nearly 7 8'. But this 
constructioSl^arely practicable, for the angle through which 
the impulse has to be given, and through which the arms have 
to be raised by the escapement will be only 12', and these 
small angles are extremely difficult to manage with accuracy 
in the construction of the escapement. Probably the only 
way in which it can be done is by such a construction as 
that which many persons must have seen in the window of 
Mr. Dentes shop, made, however, without any reference to 
this theory, in which the action takes place near the bottom 
of the pendulum, and so the linear space corresponding 
to a small angle is sufficiently large. This construction, 
however, is on anothei; account very inferior to that in 
which c and d are on opposite sides, or the arms act upon 
the pendulum tlirough a considerable angle on each side of 
zero; as may be seen at once from the fact that, in that case, 
c — dy which occurs in the denominator of the value of D and 
its variations, becomes c+c', and therefore the value of 
Dand JD is very much smaller tlian when c and d are 
oil the same side of zero, or the pendulum is free Hi the 
middle of its swing. 

53. Suppose then that c and d are on opposite sides, and 
a = 120' as before; then one c6i»truction that will answer 
is to make c and d each or 84'’ 86, so that one arm 

is always taken up just as the other is left. And as it 
is not safe to allow the pendulum to touch one arm before 
the other has reached its lowest point, and is ready to catch 
the scape-wheel, any value of d larger than c is practically 
inadmissible ; and on the whole the best form of the remon- 
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toire escapement evidently is that in which c and c' are on 
opposite sides of zero, and each = ^ or *707^^. In that 
case the equation in § 51 assumes the more simple form, 


■n ^ _ 1 

and the variation of D for a given small variation of a, 


or dD = 


1-^ 
WA • da 






Now in order to see what the error of such a clock will 

amount to for certain small variations of the arc, we may 

put for W k half its value in the dead escapement, as that is 

sufficient for a well-made clock of this sort, there being no 

dead friction to overcome ; and a% a = 120' and therefore 
WA 

c = 84!'-86, or *0246, = 8-7 ; and we shall &id 

that if a increases or decreases from 120' to the following 
amounts, the clock will in eitAer case goin, but no more than 
the following small quantities daily : 


123 ' 

122 ' 

120 ' 

118 ' 

117 ' 


dD = 


of a second 
sIts ‘ 


d o6 
1 

TiT 


Therefore as the arc will never spontaneously increase, 
it should be so adjusted when the pivots and pallets are 
cleaned, that a may exceed the normal value by a little more 
than 1', which it will do if the pendulum is made to swing 
to 120' in a clock in which c is 84'; and then the arc 
may diminish as much as 4' or 5' without producing any 
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sensible effect upon the rate of the- clock ; and such a clock 
may be pronounced theoretically perfect. 

If c shqjjjJd be made a more convenient size, say 1® for 
a = 2°, the dock will lose for an increase and gain for 
a decrease of arc ; but it will only lose -J- of a second a day 
for a decrease of 5', which is a very large variation of 
the arc for such a clock ; and, therefore, even with this con- 
struction, it would probably go better than any dead escape- 
ment. These escapements have however, I believe, been 
always made on the plan of leaving the pendulum free 
in the middle of the swing, which, as we have seen, is 
the worst construction, especially as^the angles were sure to 
be made very far wrong, from the difficulty of making them 
right on that construction. 

54. There is howevier a certain mechanical difficulty in 
the construction of these escapements, which has probably 
been a greater obstacle to their use than the supposed 
mathematical objection. It will be easily perceived on 
looking back to the drawing ef the escapement that there 
is some risk of the teeth of the scape wheel, when driving 
up the slope of the pallet, sending the arm too far by 
causing it to rise too quickly ; and if it does, the book at 
the end of the slope will not catch the tooth as it ought to 
do, and two or three t&th will slip past at once : this is 
called trijfijping. Various contrfrances have been resorted 
to to prevent it ; the most obvious is to put the slope on 
one arm, and the hook on another by the side of it ; the 
arm with the hook is not allowed to fall so low as to recjuire 
raising by the wheel, and so is always ready to receive a 
tooth when it is not raised by the pendulum ; the pendulum 



78 


CUMMINGS BSCAPEMENT. 


raises both the hook-arm. and the pallet-arm together. This 
is Cuinining^s escapement, with the omission of some balls 
which he added by way of giving ' momentum^ to the arms, 
in complete ignorance of mathematical principles^ that being 
the very thing we ought to avoid as much as possible ; and 
with the arms set upon springs instead of turning on 
pivots and carrying weights, it is Hardy^s escapement, 
which the transit clock at the Cambridge Observatory has. 
But this is a complicated arrangement ; and I believe even 
these stationary hooks (as they may be called in contrast to 
the others) sometimes trip from the blow of the tooth 
against them, unless they are undercut, or the teeth so 
made to fit the hooks that they cannot be disengaged by the 
pendulum without causing a slight recoil in the wheel and 
a resistance to the pendulum, which is of course very ob- 
jectionable, especially as the force required for it will vary 
in difierent states of the clock. It will now be seen wliy 
the similar contrivance which I mentioned (45) as havhig 
been applied to the dead escapement does not answer ; for 
the separate arms carrying the dead part of the pdlets are 
liable to these same objections, and moreover on account of 
their own weight they affect the pendulum after the manner 
of a remontoire escapement without the angles properly 
adjusted. * 

MB. BLOXAM^S ESCAPEMENT. 

55. A form of the gravity escapement has lately been 
invented by Mr. Bloxam, the inventor of the dipleidoscope 
(9), which when it is so made as to satisfy the proper con- 
ditions respecting the angles, (which he had unfortunately 
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not discovered until after he had constructed the esca|)e- 
ment without ally particular regard to the angles), seems 
likely t(HBOSsess ^very qualification that is requisite to 
produce a perfect escapement, and with no inordinate 
difficulty of construction. By Mr. Bloxani^s permission 



I give a drawing, and a short description of it, as it 
will require to be made, AC, BC are the two arms. 
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carrying flat stops corresponding to the common hooks 
at A, B, one of which is represented as stopping a tooth 
of the scape wheel at B. I have omitted thg^endtdum 
in the drawing for greater distinctness. The scape wheel 
has only nine teeth, and consequently moves through 
20° at each beat, and its motion therefore will take a lon- 
ger time, or will be more gradual, than if it only moved 
through 6° as usual. Concentric with the scape wheel and 
fixed to it are two other wheels of the form called cam 
wheels in machinery, though no great accuracy is required 
in the form of the teeth for this purpose. These wheels are 
so placed that one of the nine teeth or cams of the smaller 
wheel is ready to raise the arm B C by means of the pro- 
jecting piece E when that arm is left by the pendulum at 
its lowest position ; and while the wheel turns through 20° 
the small wheel is to raise the arm B C through 84', if the 
pendulum swings 2°; and in like manner the larger cam- 
wheel raises the other arm through the same angle, by 
means of the projecting piece A B. 

The reason why two cam-wheels are required, in order 
to completely satisfy the condition respecting the angles, 
is, that as one arm must be raised by the lower part of the 
wheel and the other by the upper, they cannot both be 
carried through the same angle, unless the wheel wliich has 
to work the longer arm is lafger than the other. 

Now the effect of tliis arrangement is, first, that the 
arms are raised with much less friction than when a tooth 
slides along a sloping pallet ; secondly, the rise taking a 
longer time, there is no risk of the arms being driven too 
far by their own momentum; thirdly, the pressure of the 



ME. BLOXAM's gravity ESCAPEMENT. 


81 


teeth of the scape-wheel upon the stops is much less than 
in a wheel of the usual number of teeth, and consequently 
the frictiqp at unlocking is much less ; in fact the pressure 
is so little ttat the stops, instead of being undercut, may 
be sloped a little the other way without the pressure being 
sufficient to lift them, and therefore the friction at unlocking 
may be reduced to nothing. To show how safe from trip- 
ping this escapement is, I have seen the weight in Mr. 
Bloxam^s clock pulled by hand, and so increased to more 
than double of what was required to work the escapement, 
mthout its exhibiting the least tendency to trip. And it 
may be observed, that even if the angles should not be 
quite correctly adjusted, the causes of error are so much 
reduced by the absence of nearly all friction, that hardly 
any variation of the arc can take place: in fact Mr. Bloxam 
tells me that he has never been able to detect a variation in 
tlie rate of more 4han a second a week even in his clock as 
now made with the angles of escape not half the proper size. 
1 have no doubt it might easily he made on a large scale 
with perfect accuracy and no great amount of trouble, and 
it might also be combined with a remontoire in the train, 
for the purpose of effecting those objects for which a train 
remontoire, letting o£F about every half-minute, is desirable 
in turret clocks, independently of their accuracy of per- 
formance, for which see § 17^, •fee. It may be convenient 
to state the proportionate dimensions which I find wiU be 
required for the different parts. Suppose we intend the 
radius of the scape-wheel, (which is very light, being cut 
out of a plate of thin steel) to be 2*5 inches, then we 
must make the other parts as follows : — 
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Radius of larger cam-\dieel l*24f\ 

Radius of smaller cam- wheel 1* J supposing the 
Distance from centre of wheel > angle a = 120 

to axis of arms - - - 7*45 V mSTc — 84' 
Length of arms (to pallets) 7* ' 

These dimensions wiU allow inch for the depth of locking 
if it occupies an angle of 24', and iVif if occupies as much 
as 80': anything between the two will do very well. If the 
scape-wheel is half this size everything else must be half 
the size. The counterpoises a, i, are added because I 
believe the arms cannot be made light enough to do with- 
out, when they act through an angle of 168'. 

56. Other escapements without number have been 
invented : indeed there is a story of a celebrated clock- 
maker saying he would undertake for a wager to invent 
a new one every day. But a description of them woidd be 
of no use in a merely practical treatise, asithe escapements 
themselves have never come into use. Perhaps the most 
ingenious, as well as curious, was Harrison^s, who, wlien he 
was only a carpenter, invented it to save himself the trouble 
of having to go so frequently to oil the escapement of a 
turret clock, which he had undertaken the care of. It has 
no friction on the pallets, but has an immense recoil ; and 
though a degree of accuracy is attributed to one made by 
him, which is evidently fabiJdus, it is said (which is pro- 
bably not fabulous) that nobody else could ever make them 
to answer. A description of it may be seen in several of 
the Encyclopaedias, and in Reid's ^ Treatise on Clock- 
making.' We will proceed to consider another matter, which 
though apparently minute is of great importance. 



COMPENSATION OF PENDULUM. 

57. All the substances of wliich a pendulum rod can 
be made* ii^crease in length as their temperature increases. 
Let I be the length of the rod, d I its increase for any given 
number of degrees of heat, and d t the corresponding increase 
of the time of the vibration of the pendulum, then (rt - 
membering that dl S^ very small compared with and so 
may be neglected), 

i di i 1 J dl , /^/z=r 

~t~ ~~^l ^ 'd.L 

dl 

if for shortness we put m for j the rate of expansion of the 
materiid of the rod for some giten number of degrees of 
heat And the daily loss of the clock, wliich we may (^all 
d T, will be 43,200 m in seconds, whatever is tlie length 
of the pendulum.* The following is a table of the vjiliie 
of «i, or the rate of exj)ansion in length of tlicj following 
materials, for 10° of heat : — 


White deal - - - 

•000023 

Flint glass - * - 

’...AS 

Steel rod - - - * - 

■ 64 

Cast iron 

•....66 

Iron rod . - - - 

•....7 

Brass - - - - 

•...10 

Lead - - - - - 

•...16 

Zinc - . - 

•.. .17 

Mercury (in bulk, not length) 

•..100 


* This same calculation will show us how much a peuclulum ought 
to be shortened when it loses, or Icuglheued when it gains — assuming 
the weight of the rod to be immaterial compared with the bob. Sup- 
pose for instance, that 32 threads of the screw are contained in hu 
iuoh, and tliat the whole length I of the rod is 45 inches ; then each 
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Thus for a common pendulum rod of iron wire, we 
see that for an increase of temperature of only 
10^=43200 X '00007 =3 sec.: or the clock will lose ^ minute 
in three weeks ; and if the pendulum is a&justed^lo go right 
in winter, it will lose about a minute a week in summer. Even 
a deal pendulum would vary nearly a third as much as this.* 

58, We want therefore some contrivance which will 
compensate this expansion of the rod; that is, which will 
always jaise the ceni/re of oscillation of the pendulum as 
much as the expansion of the rod lets it down. If the rod 
had no weight, and the bob were merely a heavy point, this 
would be the same thing as saying that the centre of gravity 
of the bob must be kept at the same height ; and asithe bob 
of compensated pendulums always is heavy in proportion to 
the rod, this is approximately true, and with the addition of 
a small quantity, according to a simple rule, it is sufficiently 
correct for practice. 

59. The most simple kind of compensated pendulum is 
one in which the material of the bob expands so much more 

thread, or each complete tarn of the nut, will raise the bob by a 
quantity = which we may, as above, call m\ and the^Jorres- 
ponding daily alteration in the time being = 43,200 iw, will be just 
30 seconds. Consequently, if the head of the screw is divided, as it 
usually is in regulators, into 60 divisions, with a pointer over them^ 
a turn of the screw one division to the rigllt or left will accelerate or 
retard the clock half a second a day.* 

* You must not expect to hud this result actually take place in a 
common house clock : the other causes of disturbance in such clocks 
are so large, that they may either overbalance or aggravate the effects 
of heat upon the pendulum rod. I believe they will generally be of 
the former kind, since the heat makes the oil more fluid, which 
in the common recoil escapement will accelerate the clock. 
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than that of the rod, that a bob of moderate length resting 
on the bottom of the rod will raise its own centre of gravity 
as much the expansion of the rod lets it down. A deal 
rod, with a leaden bob about fths of its length, will be thus 
compensated. For the ratio of the expansion of the wood 
to that of the lead is we see about -J- ; and consequently 
a bob whose centre is |th of the length of the rod from its 
bottom, will compensate the rod. 

60. But wewant to knowhow much longer than the length 
of the simple pendulum the rod must be in order to carry a 
long enough bob. Let I, as before, be the simple pendulum, 
or (as we assume it to be) the distance from the point of 
suspension to the centre of gravity of the bob ; x the addi- 
tional length required, or half the length of the bob ; m the 
rate of expansion of -the rod, n that of the bob. Then 

m, the expansion of the rod downwards, must = a? 
the expansion of half the bob upwards ; or a? = This 

calculation will make the leaden bob of a 39 inch deal pen- 
dulum about 13 inches long, tad the rod 45|. It is found, 
however, on account of the difference between the centre 
of gravity and the centre of oscillation, that the proper 
length is inches ; tad the practical rule may be given, 
to add -^th to the length of compensating material deter- 
mined by calculation on the^ hypothesis of the centres of 
gravity and oscillation being identical. 

61. The principle of the mercurial pendulum is exactly 
the same as that of the wood and lead. The rod is of steel, 
and the mercury is put in a cast-iron cylinder (in the best 
pendulums) screwed to the bottom of the rod. Only it is 
to be remembered that the rise of the mercury in the 
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cylinder will be diminished by the lateral expansion of the 
cylinder itself, and consequently a rather greater height 
of mercury is required than that given by meroJi.y taking 
the tabular rate of its expansion. The old form of mercu- 
rial pendulum was that of a glass cylinder standing on 
a stirrup at the bottom of the rod. The chief advantage of 
the iron cylinder is tliat it can be made of a more regular 
shape, and that it takes the same temperature as the rod, 
and communicates it to the mercury more rapidly than the 
glass. Captain Kater, in his chapter on compensated pen- 
dulums in ^ Lardner's Mechanics^ (from which the above 
table is taken), says he has successfully employed, as a 
cheap mercurial pendulum, one made entirely of glass, the 
rod and cylinder being blown in one piece. The lieighl of 
mercury required in an iron cylinder is sj^ated to be O’G 
inches. The best mercurial pendulums are actually tried 
and adjusted for compensation at various temperatures, by 
adding or taking away mercury as may be required. 

62. But mercurial pendulums are too expensive for 
common use, and would cost nearly as much as the clock 
itseJf, for pendulums weighing several cwt. ; and wood 
is open to the objection that it is liable to twist, and can 
never be completely protected from damp, which of course 
alters its weight ; and therefore some other kind of metallic 
compensation is necessary. •'I^’ow it will be seen on looking 
at the table, that the ratio of the expansion of steel to that 
of brass is.* 61. Consequently, if we can make a pendulum 
of steel and brass rods in the proportion of 1 inch of steel 
to *61 of brass, and so arranged that the brass rods carry 
the bob up while the steel ones let it down, it will be com- 
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pensated. The only convenient way of doing this, is to 
make the brass •rods (for there must evidently be a pair 
of themj^ one on each side of the main rod) rest on a 
nut at the fiottom of the main steel rod, and hang ano- 
ther pair of steel rods from the top of the brass ones 
to carry the bob at their lower end. Therefore the one 
length of brass has to compensate two lengths of steel ; and 
since the compensating rods must not reach above the 
point of suspension of the pendulum, it will be evident 
that this cannot be done with only one pair of compen- 
sating rods ; and in fact it can only just be done with two 
pairs ; for suppose the brass rods tp be quite as long as the 
main steel rods, or all the rods to be of the length /, we 
must have %ln the expansion of the brass rods upwards 
= 3lm the expansion of the steel rods downwards; 
and since '61, this is only just possible; and if iron 
is used instead of steel, it is no^ possible, since the ratio of 
tlie expansion of iron and brass is * 7, . which is more 
than' f. And therefore a completely compensated gridiron 
ixmdulum of steel and brass requires nine bars (as the com- 
pensating rods must go in two pairs), and one of iron and 
brass could not be made with less than thirteen bars. Grid- 
iron pendulums have now been superseded by those which 
I shall next describe, 

63, The greater expansion df zinc than brass obviates tlie 
necessity for so many bars, the ratio of iron and zinc ex- 
pansion being only ’41 ; and a very good and elegant and 
tolerably cheap compensated pendulum can be made of iron 
and zinc rods ; or, what is the more simple and common form 
of it, a zinc tube may be made to rest on the regulating nut 
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at the bottom of the main rod, and this zinc tube carries an 
iron tube fastened to it at the top, and carrying the bob at the 
bottom. In compensation by rods it is necessary to add 
more than ^ to the length of zinc and brass given by the 
calculation in § 60, because the difference between the cen- 
tre of gravity of the bob and the centre of oscillation of 
the pendulum is greater where there are compensating rods 
or tubes of considerable weight, than where the compensa- 
tion is contained in the bob : in other words, the bob has 
to be lower to produce a pendulum equivalent to the re- 
quired simple pendulum when the rod is heavy than when 
it is light. I find that for a l^sec. pendulum (88 inches), 
for wliich the zinc compensation, if the centres of gravity 
and oscillation were identical, would be 61*6 inches, it is 
necessary to add nearly ^ to complete the compensation, 
taking into account the weight of the rod and tubes, the bob 
being a cast iron cylinder a foot long; and the total length 
of the pendulum, from the top of the spring to the bottom 
of the bob, requires to be nearly 97 inches instead of 88. 

64. There is another kind of compensation, a compound 
of both the former kinds, which was invented by Smeaton, 
and was generally used by Holmes, a celebrated clockmaker 
of the last century. The rod is of glass, and it carries on 
a collar at the bottom a zinc tube about 12^ inches long, 
from which is hung an iron' tube, which carries a lead 
cylindrical bob of the same length as the tubes themselves, 
and enclosing them, so that the pendulum looks as if it 
had merely a glass and lead compensation. I wonder it is 
not more frequently made now that glass is cheap, as it 
requires no polishing as a zinc and steel pendulum does. 
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or is thought to do, and I suppose it is equally effective^ 
It is evident thkt the expansion of the zinc and half the 
length of th^ lead upwards has to compensate that of the 
glass and iron downwards.' 

65. In all qases a little additional compensation is re- 
quired on account of the variation in the strength of the pen- 
dulum spring, which diminishes as its temperature increases. 
The amount of it depends upon the stif&iess of the spring 
with reference to the weight of the bob and the length of the 
pendulum, and can only be ascertained by trial. According 
to some experiments published by Mr. Dent, the compen- 
sation of the spring requires about" ^th to be added to the 
ordinary compensation of the steel rod in a seconds pendulum 
of the usual weight; and consequently about half must be 
added to the compensation required for a wooden rod, I 
am told that in a short pendulum the compensation re- 
quired for the spring was a great deal more than i of that 
required for the steel rod; and indeed it is evident that this 
must be the case, for the elasticity of the spring must pro- 
duce less effect upon the rate of a long pendulum than a 
short one of the same weight ; and therefore in a 14 or even 
an 8 feet pendulum the compensation required for the spring 
must be very little indeed compared with that of the rod, 
66. It is evidently a considerable advantage of a mer- 
curial compensation that it afl&rds the means of actually 
trying the pendulum and adjusting it so as to compensate 
accurately both the variation of the strength of the spring 
and the expansion of the rod at any two extremes of heat> 
by merely diminishing or increasing the quantity of mer- 
cury; which cannot be done without a good deal of trouble 
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in a pendulum made of solid metals. With the view of 
obtaining a cheaper mercurial compensation than that of a 
cylinder full of that metal 1 have suggested the following 
method, which as far as I know is new. Make a hollow 
cast iron ball with a short neck in which % piston fits very 
accurately. It is evident that if the ball is nearly filled 
with mercury and the piston can be made to fit mercury- 
tight, the expansion of the mercury wiU raise the piston 
through a height which depends upon tlie ratio of tlie 
thickness of the piston to the quantity of mercury wliich 
the ball will contain. Consequently if the baU is fixed to 
the bottom of the pendulum rod by a thing like a pump 
sucker, and the piston is made to carry the bob resting on 
a short cross bar, this apparatus may be used to compensate 
the pendulum, and wiU require oiify a sniaU quantity of 
mercury. And as the depth of the piston in the ball does 
not signify, the quantity of mercury can be varied at 
pleasure ; or it may be altere<l by putting bits of iron into 
tile ball in the place of so much mercury. The only diffi- 
culty is to make the piston mercury-tight. Mr. Dent has 
succeeded in doing this for a 89 inch pendulum, even with 
such a heavy bob as 7 0 lbs. I doubt however whether it 
would be safe to use tliis plan where the mercury is con- 
stantly under such a heavy j)^ssure as that ; but perhaps it 
may answer for pendulums of twice the weight of those 
which are usuaUy put to astronomical clocks at present, 
and of wliich the mercury alone costs £4 or £5. 

67. There are two other kinds of compensated pendu- 
lums which have this peculiarity, that they do not depend 
upon the difference of the rates of expansion of their ma- 
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terials. The first of them^ the* lever compensation, was it 
seems tried by Graham, the inventor of the dead escape- 
ment, but abandoned by him for the very superior mercu- 
rial compensatfon ; and was afterwards completed by Eliicott. 
I have lately seen it used in some small French clocks, and 


therefore it may be worth describing, 
AC is the main rod of iron, 

B D a lever resting on a fulcrum at 
C fixed to the bottom of the rod. 
(There is another lever, exactly 
Ihe same, only set the opposite 
Avay, which is with a portion of* 
the rod on the left hand omitted 
in the drawing for greater clear- 
ness). A is a strong clDllar fixed to 
tlie main rod anywhere near the 
top. Between this collar and the 
sliort end of each lever is put a 
bar, either of brass or iron; and 
the bob is supported by pins or 
rollers D resting on the long ends 
of the two levers. Now if the 



ratio of the long arm to the short arm of each lever is the 
same as that of the amount of expansion of the rod AB to 
that of the main rod, it is evident that the bob will be kept 
in the same place. Theoretically A may be anywhere, and 
AB may be either of iron or of brass; but the less ex- 
pansion AB has the shorter must be the short arm of the 
lever, which is objectionable for several obvious reasons. 
A more serious objection to the pendulum altogether is 
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that^ on account of the frictiozi at D, which is sliding 
friction of a bad kind, the bob was found to move by 
jumps, and moreover the compensating. rods njust be very 
thick to avoid bending. It has indeed been proposed to 
remedy this by supporting the greater part of the weight of 
the bob on a spring, and leaving only just enough weight 
on the levers to ke^ them to their bearing ; but it is com- 
pHcated enough already, and can have no advantage over the 
more simple zinc compensation, until the laws of nature 
are altered, and all metals expand equally. 

68. The other kind of homogeneous compensation is, 
I think, but (or one practical difficulty, much more pro- 
naaing ; for if this difficulty can be got over, it would 
affi>rd the means of compensating a pendulum 50 feet long 
and a ton in weight, , with as little trouble and expense 
as a smdl one, as well as a very convenient method of ma- 
kiiig the finer adjustments for time, without stopping the 
pendulum. If the pendulum spring, instead of bending 
from a fixed point, is passed through a slit in a fixed cock, 
and is itself carried by another cock above, which admits of 
being raised as much as the pendulum increases in length, 
the effective length of the pendulum will evidently remain 
the same. Therefore if the upper cock is made to slide in 
a vertical grove and rests upoq an upright bar of the same 
material and length as the pendulum, standing on a firm 
support at the bottom, the expansion of this bar upwards 
will exactly compensate tbe expansion of the pendulum rod 
downwards. And in favour of this method it is said that 
if the bar and the pendulum rod are taken from the same 
piece, we are sure that their rate of expansion will be the 
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some, whereas no two experinients with different pieces of 
the same metal give exactly the same result. But as this 
rod acts hy pushing, not by pulling, it would have to be 
very thick to support the cock for a long and a heavy pen- 
dulum without bending. 

69. The same object might however be effected in ano- 
ther way and with several incidental advant^es, provided 
the objection I shall mention can be removed. Let the 
pendulum be hung from a fixed cock*A as usual, only a few 
inches higher, and with the spring reaching a few inches 
above the end of the pallet arbor. B C D is a cast iron 


lever with its pi- 
vots at C turning 
in two Vs in a 
strong cock firmly 
fixed to the wall. 
At one end D is 
fixed a wire or rod 
D E F of the same 
length and mate- 
rial as the pendu- 
lum rod. A squa- 
red portion of this 
rod passes through 
the cock E to keep 
it from twisting, 
and ends in ascrew 
passing through 
another cock F, and 
has a nut G below. 
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E and F would be cast all in one piece and fixed to the wall- 
The other end B of the lever at the same distance as D is from C 
is so made as to clip the pendulum springs but not so tightly 
that it cannot slide under a moderate pressure ; and in order 
to produce this pressure and keep the lever steady, a weight 
W is hung on to that end of the lever. Tlien as the pen- 
dulum rod lengthens, the compensating rod lengthens too, 
and lets the weight W pull down the end B of the lever, 
and so makes the effective length of the pendulum the same 
as before. As the motion would not have to be quite ^ of 
an inch to compensate a 14? feet pendulum for 40° of heat, it is 
not^^f the least consequence that the end of the lever moves 
in a circular arc and not in a straight line; and the longer the 
|)endulum is the longer the lever should be in order to dimin- 
ish the curvature of the arc which its end has to describe. 

The practical objection to this kind of compensation, to 
which I referred, is, that any alteration in the length of the 
spring is found to affect the rate of the pendulum, not uni- 
formly, but in some variable way wliich is not reducible to any 
fixed law. This is entirely an experimental question, and I 
have no means of knowing to what extent this variation takes 
place, or whether any experiment exactly similar to this lias 
been tried. I do not suppose that thifj compensation would 
be equal to the others; but conj^idcring the advantages of long 
and heavy compensated pendulums over short or uncompen- 
sated ones, and the impossibility of compensating very long 
pendulums at a moderate expense by any of the usual methods, 
I should be inclined to try it where the building affords facil- 
ities for a pendulum as long as 21 feet (2^ sec.), such as there 
is in Doncaster Church, with however a very inferior clock, 
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quite unfit for tlie work it has to do. I may add that when 
the tower shakes under the ringing of the bells, as all 
towers that hjve not spires on them do with a heavy peal of 
bells, a long and heavy pendulum is especially necessary.* 
70. There are a few other matters relating, to pendulums 
wliich may as well be mentioned here. First as to their 
sliape. . Until lately pendulum bobs, except mercurial ones, 
were almost universally of the shape of a common magnify- , 
ing glass or lens, and such pendulums are therefore called 
lenticular, Tliis shape was adopted on account of its pas- 
sing tlirough the air with less resistance than any other 
figure that could conveniently be used. But they are liabjp 
to this objection ; if one of these bobs were set on a rod 
Avith its broad side instead of its edge towards the direction 
of motion, the pendulitoi would vibrate in a different time 
(independently of the resistance of the air), because the 
moment of inertia of a circular plate turning round an axis 
placed anywhere at right angles to its plane is greater than 
if the same axis were placed iii the plane. Consequently if 
tlie pendulum rod should from any cause get so placed or 
twisted that tlie lenticular bob (which approaches to a flat 
plate) does not always vibrate with its largest or central 
circle in the plane of motion of the pendulum rod, the time 

♦ 1 take this opportunity of corfteting a mistake in Sonthey’s 
well-known book called The Boctofy wherein he laments over the re- 
moval of ilic old peal of bells in Doncaster Church on account of the 
inability of the tower to bear them any longer. The old peal teas 
removed in 1835, but only to be recast, the two largest bells being 
cracked ; and the new peal was put up in the same year, and is one 
of the heaviest peals of eight in the kingdom, the tenor weighing 
32 cwt. 
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of vibration will vary; and in nearly every common dock 
the bob of the pejadulum maybe observed, to have that kind 
of twisting motion which is familiarly .termed, wiibUng, es- 
pecially when it swings a large arc. 

But this twist of the bob can produce no effect upon 
the time of vibration, if the bob is a cylinder or any other 
solid of revolution having the rod of the pendulum for its 
axis. And the pendulum is also less likely to acquire that 
motion, if the bob is such a solid of revolution, than if it 
presents a surface unequally exposed to the resistance of the 
air, as the lenticular bob does if it is ever so little twisted. 
Jb sphere (which Holmes put by Smeaton's advice to the 
Greenwich Hospital clock) is inconvenient, not only because 
of its requiring so much width for the pendulum to swing 
in, but because a slight error in making the hole for the rod, 
which throws it out of the axis of the sphere, causes a 
greater disproportion between the mass on each side of the 
rod than in a longish cylinder or a prolate spheriod having 
the rod for its axis. Therefore upon the whole a cylinder 
is "probably the best shape for the bob ; and there is no 
objection to its top being made a portion of a sphere, when 
the bob is made of cast iron, as it rather improves the ap- 
pearance, and also prevents anything from settling upon the 
top, as sometimes happens ^iu church clocks, with bits of 
mortar and the like, the effect of which we shall see pre- 
sently. The pendulum of the clock in the frontispiece is 
of this shape. It may be convenient to state that a oast 
iron cylinder 9 inches wide and 12 inches high, with a 
spherical top rising 2 inches more, and a hole 2 inches wide 
all through it for the compensation tubes, weighs 2 cwt. 
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iKib Utibool^^ l^ctm tbe top. 

71. ISfa^Deit |(nat penM^eu 

Tbe eobunoQ a&d wdl<kii«it3i >aedKii< la lieb 

bj a Btacdw at <be bottom e| tbe lod vbm tbe otocii bwe% 
a^ to lower it wbm it |puu; a»i the qi^t% hj itlmb 
this most be done fbr so/ Ion or gatn (d tbe dhMb. 
joiy be determiaed apprasmudely in tbe mtamar {dated ia 
the note at page 83. But it is difflealt to do tbjl withmdl^ 
stopping, or least distoibuig the peoadulupn, wHch,reginiea 
the (dock to be set again; aaotd thearaibre two cdber methods 
are used for making the finw adjpstmenta hi mgnhtoia igd 
in turret okxdbs witbheayjr pendulums, whubreqpuie a ttftiiiaig 
and coarse thread to tbescrew^ sad murt be hdd steadlf irbile 
the screw is turned to s3NHd twisting the peodtsdoin epith^. 
One is, to have a mnall weight sliding «» the rod and ki^ 
in its place by a spring (sdlari which aUows it to be monsd 
up sad down by a Uow with a Small hammer; it* 

accelerates Ibe pendulum,* only in a mncb smaber 4^ 
greO than minag the heavy boh, tad iheitfiTm it ad fiit a 
of greater accuracy. Ibe other meibod pa ^ bsMt » few 
sQudl weights to lay on ^ top of tbt^bohp ad4a^ tbma 
of course raises tlpe oentpe fd grav%,^aad fd oacfllataon, 
and aooeleratea the pendulum ; if thqr Veie pat at the"] 
bottom of the biib they produce tiPecapteaiy effect. 
When the bob has a nmad top thelpttle vrei^hbi may be set 
on qnkes (of wbirb tbwe ahtfuldbe a pk, tm on each aide 
of the rod), tor in a cup, or on mfiogon tbe toplof theboh. 

Ute amount- of acoidtKatieip ,pn>&ned hy a^ giwii 
small weight pid on tbe top <4 ihe bdi^ ifffl «videD% nay 
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; » vit& tite be^ 
above J»«ei3gtae fwritj or owiQtiiiA at vdyt tibe little 

aieqil^ IB ilBeedp, sod the les^ ^&ibtod, tite mi^t 
ei%i 6 bob, immely. Let I m before be llie laigth from 
, p^dolum to the of 3 ie bob (aesnitUBg it 

'«» before to be identical vith the oeatze of osdllafron}, b 
iidf dtttanee the o.y. of the b<fo from its top, M the 
(jrc^g^ of the bob, m the ]itde''veight to be added, and dl 
the^^uotitj that the c.y. is raned therdrf; then it is 
. ^p^ipnred^at^f ^:^^^ s= ^^ ifwepntrfor^. And 
ifo ™ the coiTOq»]^j% Msodmtion dH will 
seconds. Suppose, for maanp]e,,that 7 = iV 
)(as if^miSSinches, ali second pend^Um, andd = 7 iin.), 
Si as,8 cwt.,and«s=s llb.j theo rf^ss j|?^= 16 sec.j 
or ah ogiinoe weij^it ,pnt on the bob of such a pendulum 
i dne second n day. The pendulum 
k, a 2 sefonfo p^ulnm wdh a bob 20 
loht., was t^;u]Bted some 



-Wh’ and esca^ment, 

liKldch may be edmipeBeid ^ ynsP aat jns-l parts of a dock, 
ifod, Rfom to thd eonddefoiidn df thie merdy mechanical 
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' HABMSaiJ*S WING BAItlia 

, 7St4.:!{9w gmieral constiactfon pi die goii^ or time- 
has been o^lained already (18). But fw 
/ ejop^ibip aid lo keepaccurate time,, there is yet something 
wanting^ «^,^^.rNmtzivance to ke^ thcp gofog while they 
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aie being vomid up, fgff UmI; -tS eotoiae taloM the acfian 
of tbs veight off ilie dock, and so tbs 86 a{W>«iied iriil not 
escape unlefs sonie.eqdTale&t pnasure is i^^ied to ^laniaL 
In conmon hotue'<ilo(^ and tbe dieapest Mtdies there is no 
sncb contrivance aad*ti!e]r stand still irliik #1^ aie bind- 
ing up ; but in all othem tbe appaittoa whn^ n) aj^fdied&ir 
the purpose is that invented by Harrison, and es&d the 
ffowff barrel, or ratehetl, in weight clocks, niad the j^sesj^ 
fiteee in watches and spring docks. This dravlBg drows 
the arrangementof 
it. The barrel with 
its ratchett and 
rhck are the same 
as before ex- 
plained; but the 
dick e 18 not now 
placedon the great 
wheel, Imt upon 
another wheel rid- 
ing on the arbor 
of the barrel be- 
tween the great 
whed and the barrel ratdiett : this whed has also nieheit 
teeth cut upon it, but turned the ofposite way to the faarrd 
ratchett, as shown at B, an^ the dick B C bdo^mg to itis 
a long arm tummg on a pivot C in the dock*£rame; hpd 
this second ratchett whed is connected with the great wlMd 
many convenient waybya qning BS, having one end fixed 
on the ratc^t whed, and the other end pressing against a 
pin on the great whed« The aotaoh is this: while ^e 
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dock it going, tjho weight pdls the band and both 
Tatckette to tiie kft^ and the gomg nddiett, by meana of 
the iq^nug 86, UEesaea the great wheel in the^aame direc* 
tuHL ; and aa dock goes on, one tooth afin another 
dF the ratdhett E dips onder the long click, and this causes 
the drop which way be beard about every five minutes 
in regulators and in good watehss. When the weight 
is taken off the band by winding up, the going ratchett 
immediately fiies back a litde towards the right, but is 
stopped as soon as one of the teeth arrives at the cbck, and 
there it is hdd ; the spring continues to press the great 
whed as before, with nearly as much force as when the 
wrigbt is acting, and so keeps the whed in motion for the 
short' time that the dock is winding op. 

DIAL WOBK. 

78. 'The only thing that remains to be described in the 
going part of defos is the dial work, or the machinery by 
which the hands are moved. 1%e minute hand is set upon 
the'square end of a socket or pipe, which fits rather tightly 
on the long projecring arbor of the centre wheel. It must 
not be quite tight, w the hand could not be put forward or 
bac^a^ wboi the dock wants altering ; and the requisite 
degree of tightness or friction is ^obtained as follows. 

• Ifbe pipe on which the band Is* set is about an inch long, 
and has a whed fixed to its 8ther end (the use of which will 
be described in the next section, and which may be called 
the bonr>whed^, and the pipe slides on to the arbor pretty 
easily ; but before it is put on, a sl^bdy bent oval spring, 
nearly as hn^ as the diametor of the whed, with a square 
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hole in the tiaidilkii id dipped* on to die arbor «with the 
concave side ontwardsj and the squaie hole fitting on 
to a corresponding square, cut for #bqut ^th of an 
inch on the arBor, so that the spring is always car* 
ried round with the arbor ; then the pipe is put on, and 
the wheel rests against the concave side of the spring; then 
(omitting the hour-hand for the present)*the hand is put 
on, and generally a small cap or collar in fipont of it; the 
collar is pushed back so as to force the wheA more tightly 
against the spring, and a pin is put through the end of the 
arbor just in front of the collar. It is evident, therefore, 
that the hand and its pipe will be kept steady on the arbor 
by tlie pressure between the collar and the spring, and the 
friction of the spring upon the hour whed, but that it can 
be turned when necessary. Sometimes the hole in the 
spring is left round instead of square because it is less trou- 
ble, but it is a slovenly practice, and it requires much more 
pressure to produce the same degree of steadiness when the 
friction of the spring acts upon the small diameter of the arbor 
than when it acts upon the large diameter of the hour wheeh 
74. Besides carrying its own band, the long hand pipe, 
and the wheel belonging to it, have to turn the short hand, 
and also in striking ^clocks to let off the striking part. The 
form of hour-hand which was formerly used in regulators is 
this : the minute-hand socket has a pinion on it, and this 
pinion works a large wheel with twelve times as many teeth 
as the pinion, which therefore tmrns round once in twelve 
hours ; this wheel has tiie twdve hours engraved upon it^and 
there is a hole in the dhal though which the figures appear, 
and a stationaiy hand or index pointing to the proper figure. 
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'Diu here been done in » still mine sim^e way, 
and wiHroot ineuning the frictiSa of that wheel tmd pinion, 
by aettiBg the hons orde cm the arbor of the jj;Kat wheel, 
wiiioh toms in twelve hooxs. It is of no'oonseiiiMpoe that 
it wooU be tamed with the arbor in winding np, becsoae 
yon wonld only have to st<^ winding at a place which woold 
laave the propa figure of the hoar cuds and» the index. 

These moveable hoar cixcles are now abandemed, on 
aoeenmt the small figores mo^gng past a hole being so 
mwh less easy to see than a hand moving in the nsnal way. 
The ‘now obsolete day-of>the<month wheels, winch required 
sitUang for five months in the year, showed themselves 
thtov^ a hole in the smne way. Bnt if a hand were 
meardy pttt in the {dace of the moveable dial, it wonld tom 
the wrong way, that is the opposite way to the other hand ; 
and therefore an intermediate whed is now put between the 
pbuon of the minute-hand sodeet and the hom'-hand whed, 
and the mtdtijdkr 12 (when theie is no sbiking) may be 
divided bd^naen tibwe three wheds an^ their Unions as we 
please; and in legnlsteirs thehonr-hand usually pdnts to a 
separate dial, <w aet of %care8 migiaved on the lower part of 
the huge did, and eonespondingt-to the small dial for the 
seoonds-hand on the upper part. 

jChote is another way, which » sometimea adopted, of 
wodciog the abort hand on a s^fiarate did, and without the 
interrontiim of this second whed, vis., by putting the hand 
t^on an asm which goes*throu^ the frame of the dock, 
andnantes a whed working into another equd whed fixed 
on to the gnat wheel, which tmma in twdve hours. The 
great whed 'itself is ao large that it would be inoonvenient 
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to have another of the aame sue and this 

is the reason of this other vrheel bemg'fbced to it. ^ere 
is so much,lees friction in this wiy of vrorldng the hour 
hand diiectlj from the great wheel than b; going np to the 
centre wheel and th^ down again two more wheds, that 
I wonder it is not more oommonlj' adopted. only 
objection to it is tiiat if tiie hands want setting they must 
be set separately; but a regulator dock re^iires so little 
alteration that the hour hand never has to be meddled with 
unl^ the dock has been%}lowed to stop. 

TO, All these methods however are di^erent from that 
which must be used when both'the hands turn on an axis 
in the middle of the dial, as they do in all docks except 
astronomical ones, and sometimes in tiiem. In that case 
there is a whed of* the same size as the whed we have 
called the hour whed placed by the side of it and driven 
by it, and therdbre tnmiog the vron^ way once in an hour, 
and having cm its arbor a j^on with six or more leaves : 
this whed may be|pUed the reverted iamr vheel, 1^ 
pinion drives a whed with twdve times as many teeth, 
which is fixed to a socket or pipe riding on the former one ; 
and this pipe carries the hour hand, and will evidently turn 
in the rigihit direction once in twdve hours. This boor 
hand pipe is not ind^ redly carried by the minute hand 
one ; for in order to take fhe weight of it off the centre 
whed arbor, it rides upon another fixed socket or pipe^ur- 
rounding the minute hand pipe and set upon a cock which 
extendi^over the minntie hand whed and.is screwed to tbs 
frame : this fixed cock and pipe are called a eamm, 8o 
that the iq>parent oentrd axia of the hands of a common 
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dock consists, fiist, of the centre trheel arbor; aecondlf, 
of {ke pipe to which the long hand is fixed; thirdly, of the 
cannon; and fonithly, of the honr hand pipe;. and, fifthly, 
if there is an alanun to the doHk, of the pipe to which the 
little alanun dial is fixed. This amusement of the dial 
wcndk A the most clnmsy part of English and Erench clocks. 
It is done better in the American; and 1 shall propose 
whatl think a still better arrangmnent of it, in § 87, in con- 
nmdon with another alteration of the usnal construction of 
eightday clocks. Occasionally ^e seconds hand i^palso 
set upon a thip arbor within all the others, and travels 
round the large dial, instead of having a mnall one to 
itself : this is a very bad practice on account of the in* 
creased finctiou which it causes, and such docks are rarely 
made now. ' 


EQUATION CLOCKS. 

76. The things called jEgiuaio» Clodtt bdong to the 
subject of dial work; for th^ are (o|, rather were) docks 
for showing, bat not going, instead of mem solar 
time; which was done by cmnmnnicaring a secondary or 
snperhnposed motion to the hands, so as to advance or 
retard them according to the equation of time for every 
day in the year, were never in common use in 

England, thonj^ they have 'occasionally been as 

curiosities ; but Mr. Yulliamy says in his pamphlet before 
quoted, that until Decembm', 1826, 'all Ihe Erench public 
(^bdrs of any repute were made to show solar tim^' The 
machinery by which it was done was, as may be supposed, 
complicated ; and as it is pmfectly naeless, and worse than 
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oseleag, and a descriptioa of it mi^ be fonnd in find's 
TVeatise on Clochnaidng and other bo<^, I shall not 
describe it.* !For house clocks there i^pears to lave been 
a somewhat more aimide nisthod oi doing bj making the 
dial itself revoire slowly, according to the egnation of time, 
while the hands went unifonnly in the usual wa;? The 
dial would hare to ttoh abovd half round between hTorember 
and February, the figure Xll appearing neaijy at the usual 
place of IX in November, and at III in February, with 
otheR smaller oscillations in the remaining nine months. 
And after all the ingenuity thrown away upon these cod* 
trivances, true time could not be shown by any of them as 
accurately as by a common clock, with an equation table 
such as that printed ^ page 11. For the equatiqnal mpidon 
was, in all the plans, communicated fo the dial or dtalwoii 
by means of a plate of an irregular oval form set upon a 
wheel revolving in a year; the form of the plate wak such 
that the radii, from the axis on which it turned to the 
edge of the' plate, were proportiqnate to the quantity by 
which the clock ought to be before or behind the sun; and 
the plate as it revolved pushed some moving hnme won^ 
farther from the centre ot nearer according to the time of 
year. And it is evident that no great accuracy could be ob- 
tained in this way except upo]^ an inconveniently large scale. 

MONTH AND YEAE CLOCKS. 

77. Occasionally clocks are made to go for a month to 
even a year. This is done merely by the addition of one 
wheel or two below the usual great whed, and increasing 
the weight to four or forty-six times as much as usual. 
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Occaaionally two bands are'used, to avoid the great sbrain 
upon ti>e teeth ol one great whed and the adjac^t pinion. 
One string is then sometimes made to ran off both batrds 
togetho', canying one weight between the two lines; wbidi 
however has a pnlley for the string to pass through to 
keep its tension eqnd, though the pnllqy has no sensible 
motion. The barrels will of ooiii>il.«.tttlli half as many 
times round iji the month or year as if one end of each 
string was fixed to the frame in the usual way, and theione 
weight was divided into two. Ghronometen are also made 
to go long periods in a similar way, by tlie use of two or 
more main>springs to drive one whed, as this secures 
greater uniformity of force than one very strong spring. 

TfiIET¥.HOUR CLOeXS. 

76. These docks we sddom made now as English or 
Emnch bouse docks. Most of the Dutch and many of the 
American docks however ai^ so. When a thirty-honr 
dodc winds with a k^ like other clocks, iii order that 
it may have («ly time 'wfaeds in the tiain, the minute 
luAd ariwr does not hdong to a wheel in the train, but to 
a supemnmeraiy whed, which is driven by the great whed 
hi.the sfme way as in one of the me^ods 1 described for 
wmdaitig the hour hnid of an ^tironondcal dock, and the 
great whed turns in two or three hours. In the Dutch 
dodca and the old Enghsh tiurty*lioiu‘ clocks, the arbor 
the great whed is not used to wind up by, but comes 
thrat^ the fimne and carries a whed which works the 
howr vd htinato band wheels both together, being smaOw 
than <nte ami larger tium the other: or some equivalent 
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arrangement^ of which many YarietieB may be conceived. 
For as the arbor of the great wheel is used to carry this 
dial working whedj it evidently cannot be used also to 
wind up the barrel; and accordingly instead of a barrel 
there is used a sort of deep pulley with spikes in it to 
prevent the rope or chain from slippii^ ; this pulley is not 
fixed to the arb^ ^ rides upon it^ and it is connected 
with the great wheel by a ratchett and dick as before des- 
cribed. One end of the rope carries the dock .weight and 
the other end a little weight merely to the rope steady 
and to take hold of to pull up the great weight by when 
you wind up the clock. 

79. There is towever another wajysl applying this sort of 
spiked pulley, which 
deserves notice op ac- 
countof its producing 
the curious effect of 
keeping the weight 
acting upon theclock, 
at the same time that 
it is being wound up. 

It is called the endless 
tham of Huygens. 

P is the spiked pulley 
fixed on to the great 
whed arbor, not now 
by a ratchett and 
dick but rigidly; p 
another spikedpuUey 
which may ridedther 
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on the same axis or on any othet conveniently placed^ and 
having a ratohett and a dick fixed to the dock frame. The 
endless chain aicd passes over both pulleys, *and in the 
loop fcmned by <m the right side of both pnllqrs it car- 
ries the veight W hung by a ccanmon paHey; a little 
counterbalancing weight te is hong to the other loop a6; 
this little weight is sometimea nurardy a large ring hung on 
to the chain. ,Now if the string i is pulled down by hand 
it will pull np e and so raise the weight W, which being 
hung by a moveable pulley will nevertheless still press upon 
the string d and so keep the dock in motion by pressing 
on the right side of the principal puUey^P. If the clock 
has a striking part, p^m&j be the puUqr of the great wheel 
of that part, the dick being fixed to that wheel ; and then 
the dock may be wound up at any time when it is not 
striking, * Only in that case it mnst be remembered that 
the weight will descend in half the time that it descends in 
when the pnJley p never has any motion to the right, or 
the dick is fixed to the frame ; and the same will be the 
case with only a going part, if the click is fixed to the 
great wheel instead of to the clock frame, for then both 
pulleys will turn togethm:; but while the dock is being 
wound up only half the weight will then 

SPEING (JLOCKS. 

* 

so. Thioe is yet (mother kind of dock, which differs 
from all that I have yet described in having for its main- 
taining power not a weight bnt a bng spiral spring, which 
is coiled up in a box as barrel as ti^dy as possible when 
it is wound up, but with room to uncoil itself for a few 
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tnnu of the butd^ ia doing VMch it moves the train 
which is connected with the band jnst as a weight does. 
The simplest construction, which is used in all the Erench 
dodcs imd watches, is thist the great whed is fixed 4o the 
barrd that contains the spring; the outer end of the spring 
being fastened to the batrd, and the inner end to a strong 
arbor which goes through the band, turning in the caps of 
the band, and ends in die tending square, t^ld also eanies 
a ratchett wheel, of which the dick is fixed to the dock 
frame, to hold it as yon wind np. And thnefine this 
kind of dock requires no nudntaining power to keep it 
going while winding up ; for the tension of the spring is 
acting upon the barrd at that tiatb SR mudi as any other, 
in fact rather more. But on the other hand the force of 
the spring is much greater when it has been just wound 
up, than when it is nearly run down ; with however this 
remarkable, and apparently anomalous exception ; that it is 
found that there is a certain position of the spring in 
which its force is nearly the same for three or four turns, 
but no dkore. Conseqnendy, as a watch only requires a 
few turns to wind it up for a day, the variation in force in 
French watches is slight, compared with that in the docks 
which go a week or » fortnight, and in which the iqtring 
has many more turns to iR^e than in a watch. This is 
one reason of the inferiority of French watches, and still more 
so of clocks, to English ones, both in price and quality. 

81. For this inequality of force is removed in Englidi 
spring clocks and watches by the use of what is called the 
/tuee. The fusee is nearly a cone, that is to say, a cone 
whose slant side is concave instead of straight, with a spiral 
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groove cat roand it frcm'one end to the other, as on the 
band of a ireight*clock, for a string or chain to nm in. 
The S|aing is enclosed in a barrel as bdbre, W the barrel 
does |iot cany a wheel, imd its arbor, instead of bdng need 
to wind np by, has a ratchett and dick merdy fw the 
purpose of adjusting the tension of the sprii^. A cal^ut 
cord, or a chain,- is wound round the bwrd, and the loose 

end of it fastened to theAhick md of the fusee. The fusee 

^ * 

is fixed upon tiie vmdiiig arbor, and has the great wheel 
riding upon it with a ratch^, just as the great wheel of a 
weight-dock rides on the barrel arbor ; and the best clocks 
and watches have a ^ going i^hett^ also. As the fusee is 
wound up, it dra^s the*«ord off the barrel along the groove 
until it is all wound off the spring barrel on to the fasee. 
And it is evident that when the tension of the spring is 
greatest, it is pulling at the thin end of the fusee, and when 
the tension is least it pulls at the thick end ; and therefore, 
if the radios of the fusee is made to decrease, as th^force of 
the epring at the corresponding point of winding up in- 
creases, the force communicated to the great whdbl will be 
constant* 

82 . In order to prevent ihe cord &om being broken by 
over^winding^ there is a kind eff lev^r fixed to the frame, 
with a hodc to it;, so placed th%t as the cord advances to- 
wiyrds the thin end of the fu^, it pushes this lever aside, 
so that its hook catches hold <k a long tooth projecting firom 
the end or cap of the fusee, and atops it from being wound 
up my farther* As the cord recedes again, the lever is 
allowed to recede under the pressure of a small spring behind 
it, and by the time the fusee has made one revolution, the 
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lerea: and its hook hare got oat of the my of the kaig 
tooth. 

SS. Ftobablyfev leadera of thubook nqoke to betcdd 
what the chain of a watch or s a^niog (dock is but it is 
proper to describe it in a 'rodimentaiy treatise/ Zt con* 
sists, then^ not of Iwifca set aotess each c^her, but of plates, 
alternate one and two, riretted together; but the hole in 
the single plates is so huge that livet does not stidc 
tightly in it. 

Here are two 
pairs of links, 
drawn on a scale 
which the reader 
will think more fit for a drawing of the (dains of a snspen^ 
sion bridge than of a watch or even a clock. A chain of 
this kind never twists, but will only bend in a {dane (or 
nearly so) parallel to the plates of which it is composed. 

84.|j|niese clocks are most frequently made to stand on 
a bracket, and always of su^ a size that thmr pendalunu 
nan only be about 10 or 18 indies long ; and as thdr bobs 
are small also, we know what the result must be as regards 
their accuracy. However, when they are well mode, with a 
fusee, and not expo8e4 to'a temperature which freezes the oil 
(which is much above tiie fjjeeziug point of water), tiiey will 
go nearly as well as a coarsely made long clock of the dd 
fashioned kind. Sometimes they require a good deal -of 
trouble to set them so as to beat equally; for if they are nd 
so set, they are very likely to stop, as they have geamnlly, 
‘ and the foreign ones always, verj little fiwce to spare. This 
position is not, as is commonly suq^osed, that of actod ver* 
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ticalily, bat merely of TdrticaJiiy relatively to the escape* 
meat ; they on^t indeed to coincide but tiiqr frequentiy do 
not; and oonseqoeatly a£ter the braeket has been made 
quite level, it is found ehlier that the crutch vants bending, 
or the dock raising on one side by bits of card. Th^ are 
much mcH'e likely to stand steady, and also easier to adjust, 
if the two hind feet are ^en ol^ and one pat instead in the 
middle betwera where they were. . 

85. These are now almost the only En^h clocks 
(ezeept regulators) thd find any sale ; and even these are 
getting fast snpeneded by the better diass of American 
docks, and by French ornamental dodts, neither of which, 
however^ will last neady so long. With the latter it is no 
doubt quite hopeless for us to compete, as, besides the 
greater cheapness of their labour, the French appear to pos- 
sess what I may call a smaller eye and finger than English 
workmen, and they are able to perform delicate and orna- 
mental work with much greater quickness and facil||p. And 
as those who chiefly r^ard the beauty of the figure, of their 
.docks sddom care much about their entrails, they consider it* 
of no consequence that a good Ei^lish dock is better for the 
natural object of a dock than a foreign one. Whether it 
would be possible to mmufaotmre clocks ou a large scale as 
dieap as the American ones, 1 aiu not able to judge. I have 
been told that, but for the cases, it would. But unless the 
Eng lish dodemakers take some steps towards either altering 
the kind of docks that they make, or can find out some 
che(^r mode of making them, there is no doubt that there 
will soon be no house clocks, except regulators, made in ' 
this country. The dd-foshioned, foil-length house dock is 
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now nearly eatglodedt, on aenounl ef qgtiiim, sine, and 
dearness, as coaqured vitli the Ameaoaii ^dneks, vHch go 
8uffiden% tmU for ordinary pandiaaeR. 

No one irho has seen ^ inside an AntoHma dodc 
can hd.p seeing that ones ate tumecessanly tadnyyhodvaete 
a great deal of the force in jaeady overeaBong llteir own 
inertia and friction, jkn Ameri&n dod: goes a wedr with 
both the weight and the foil for itdwt half what they are 
in the oommon la^iaii docks; and as a jifoidnliun 
requires no morefrooe to keep it gdng than a small one, it 
is evident that about |ths of the moving power in our 
docks is wasted. (Ihe conunendation (tf the American 
clocks cimnot be extended to the fodng nS thdr pendnlnins, 
which is as bad as possible.) I have also seen some vray neat 
French docks, abon{ the same sbe as the Ammcan, hot 
much mote highly finished, and with dead escmpemeuts, 
going a wedr with a very small wdght. 

• 86.^ A dock might be made very much better than, 
any Ei^lish spring dock, or any of the foreign oims, and 
quite as cheaply as the old long dock, and at least equal tot 
it in performance and vaj superior in appearance, and 
■therefore more likdy to sell, by making the case only of the 
length required for a ijeoonds pendulum. This may be done 
in three ways : 1. By hangji^ the weights by three strings 
instead of two: the lower pulley should be let into the 
weight instead of occupying the height of S or 4 inches 
above it, and should be as broad as the q)ace betwem die 
weights will allow. I .have converted an dd long dock 
into one of ' three^uarter ler%th' in this way, and cat off 
the large and ugly and usdesa pedestal at the case. The 
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second W&od istoauJce tbe baixd|&of the ttsoal diame- 
iear ; and tided and best is to neaketiw nntidter of teeth 
in the ptegt nhed half an ^uaif^sgmu , Or tiae aeoond and 
third BaeUgoda mUj be conthmed in any o«HiTB>»int propor- 
tion. In' all ihese'oiKses of course the wraght viU have to 
be half as large agahi, except that^ as X said before^ it is 
now unnecessadly heavy, because the wheels are so. I may 
(d>B^e also that the third of the above me^ods will re- 
quire a barr^Of only |da of the usual Imigih, and therefore 
all the arbors and the apace between the ^ates may be so 
much less. Dent now makes nearly all his regulators 
in this way, and emch clocka take no more room, except 
in length, than a commmx ^ring clock ; and for ail the 
reasons 1 have mention^ I beg to suggest the adc^tion of 
this size of clock to both the makors had the purehasers of 
clocks : the faces should be about the smne size as those of 
commdh q^ring clocks ; one door serves few the body and 
face, or the whole of the front and sides take off at once. 

87. And with this alteration I think there may very 
|Well be combined that alteration of the dial work which 1 
referred to in § 75, as it will also help the arrangeiment of 
miilriTig the barrel to turn only 11 times instead <ff 16 in. 
8 days. Those who are acquainted with the American 
clo<kn will see that this plan is^Kirtly borrowed from tiiem. 
The arrangement will be pretty clear from this drawing. 
The scape wheel and second wheel will be worked by the 
centre cor 90 minute wheel as usual, which may have 70 
teeth driving a pinion of 7 on the second wheel with 54 
teeth driving the scape wheek pinion of 6. I adopt these 
lamtll numbers on the supposition that these driven 
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pinions ore to be latUem pinions, as tbej are in tbe Ame* 
rican clocks, which is one of the reasons of their going 
with such small weights, as will be explam€!8 in § 1^6 ' on 
the teeth & wheels/ (The pinion of 8 on the left side of 
drawing, not being driven, If04 driving the 18 hoar wheel 
of 64 teeth, is not to be a lantern pinion but a eommon 
one, only hollow, as it is fixed to the wheel of 45 whioh 
rides on the centre wheel arbor and toms with it in an hour 
and an half, and admits of being moved on the arbor when 
you alter the hands, being hdA by the {nn and the bent 
spring shown in the drawing, as before described in § 73. 
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1!lkB adfraxtetceii «£ |b(ia pha ws, t&at Hw motion 
of bttgn ind faenvjr m Itoitt' «lieci fipe dditig on the 
*e8nnmi‘' is got zid dr zsthsr thnt pipe js zeiaoed in 
•ate so *1106 ft need not beao^Iazger tiunthousiul hour 
irhed ^pe; seeondltyt the minate hand ^pe is got sid of 
entardj^ and conseqaeatly the vei^t and motion ci that 
aibosr » also lednoed; thkdlj, the 12 hoonwhed is driven 
directiybjr the risin instead of in the nsosl ronudabont 
waj; foTuth^jthe dischaiging pin is pnton tlie faonz wheel 
itself instead on tiie nstud zeversed hour wheel, and con- 
seqoiotfy it mast alms^ sgree with the hand; whereas at 
present ’<dodtB aze md onfrequently pat together ao aa to 
striha trhen tio hand is nearly a minute from the proper 
^aoO: ihe boar hand) can also be adjusted by simidy polling 
its ^^^Ibrwsad ndiea the minute hand is off, as there is 
room the It henr wheel out of gear with dm pinion 

that ditfes it. She hoar arbor is to be Ic^ in its^l^ by 
a sanidl collar st its end, over which thore stands a oock 
which may be screwed on frtpn Ihe ootside of the clock 
frame. ‘ The lifting piece of the striking part will have to 
be inride the frame; but that, as imy dockmaker will see, is 
of no couseqdence, as it will only require a pin to go 
throagh the hole in the front plate to lift the ohde <ff the 
repeaiting work, instead of go^g through from the front to 
the inside to stqt the pin w^^ as asaal. Li the strildng 
part the reduotaon of the toms of the barrd from 16 to 11 
may be made (besides the methods above described &r the 
gdhg part) by increasing the pins and teeth of the striking 
whed in the ^oportion of 8 to 10 and giving the great 
whed 98 'ts^ instead of 78. And 1 have m dmibt that 
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if a^ind iqfiriag 

pvesea% mA ^ fa^gbflr uMi i|ih# m «r tiw 
AmeriflKB wWbs, p^Moti 
would «tiUlM qdite soffietet in fite sfatlk^g ts v«B as 
goiqgfMit. )ik>wev«r 1 ahaS bam iliM to the ooXiwfbcataoii 
of rJedaHBokew end proceed to deMg^ 

STBIKING PAKf OF CSLOOKS. 

88. A dock may be made to akike one «t imif hoar 
without SBJ 8(|>a3Eate atrikiiig partv bjr merely paillXQg » pm 
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iiiir i'to filllliM* lll^'j 

dri««sft&nflr%i» 4I» vcliM^) 'i|i|( * 

n finfelnm ai t^ iftiiiiMiliittitgtei^^ Kfwft 

piwpoi!%btijlitb0]|^iftf«l^^ jQl|iiHf#i)Fi^ 

whddb bus ttnotiboi? idHbl^ to peslbyioi 

6j. 1St» w «}iaTe ibfiistxik^ vIkkI mui^ 

roani IpDt (mewuNXtt blom o£ tin iwaBiifttv t m* 

sane it to be ^lam Inr emej blow u it wiin% 

8 ft. 13ie ^fSac^ of ajU the tsooi^ wejv ai,j|iHiftg off 
theotadciiigpiartiW&beaeefifnna^iieittdn'^^ 'i.|aa 
P m one of tbe obeeb of tbe tieiRO» ff ii | iii |ii|fcHi pin 
wbee^]>tFs egHiinIt o ItopS oa a lever, 9 ^ 
piwe, vcbea the oiedk ia not ebcikiig. 
tom oa a parot O ead bM a%i 4 Vbi^ b 
or a 8i»n oa one of tin h<Mit wbe^ the g^ Jbeo 

the dock is withia a few miaotes iff strika^ waA ibis kife 
the pia P slip past the stop S oa the lifiaogpeoe} bOtltis 
Bot aUoved to go far, bdag preseatlf d^aiiutd )af MuO&er 
stop T either on the same Uftfeg pfeoe or on eabthier oon* 
nected with it; noise mffle hy thfe is ealled Ipfisg 
vanmf. When the tune is come for steikaig; tin pfei It 
slips {torn nnder thAiSaag piece sad Ida it drop, sad so 


the pin wheel can tnm rohad antil the ]^ P has ocade to S 
again. But befemtibot lumpens pi»fwaafe pads fea;|llt^^ 
s out ^ the wsgr if ^ dock hm to «tcihodMa|^ddP ooe^ 



is done as fc^ows : th«ce is a large vhe4 called the 
or amat-iwke^l, wliicli tains in ] 2 hours, and 
^Hilf tiusdore conveniently be put upon the great irhed. 
(im of tills lockin^l^ is marked out into 7d divi- 
attd then deep not^^ &e cut in it at the suceeasive . 
j^lli^ttOes of 1, 2, S, &c., of the divisions, up to 12, a feu of 
ir!bdl|t<^dKmninthe drair^ iWKfting piece has ano* 
tlnr u^hich reaches as fu os the loddng-plate and has a 
sdudiiad fits into the nddtes. Kosr while the first 
hispufaij^^dir'is stri^^ and the pin wheel is making 
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one turn, the locluns^pldte is inpik^ slso in ib$ 
flbonm in ikti drawing; and in m d<^ the 
to(^)h of the lifting piece out makes it ¥e4 On 
until another notoKhaa onived for it ioluB into; md the 
depth of the notches is such that the lifting j^ieqe is thoyed 
far enough to lift both $ the stops S and T quite OSut of the 
way of the pin P by the time it has gone once i?os^j||||Vnnd 
they remain there until the clock has struck the >|SS0|>er 
number and the tooth of the lifting piece drops into the 
next notch in the locking-plate : which is in laot all .hour 
dial if the notches are marked with the hours, as ^ iStoi* 
ber under the lifting-piece is always the last i||i|inbet' 4lie 
clock has struck* 

Between twelve and two o'clock it will be seen on looking 
at a locking-plate thei^ is one long cut instead of two nicks, 
as I have shown in the drawing, because the clock will atdke 
one blow without having the lifting-piece lifted at all, 
as the going part lifts it. And m like manner in the fSl^oh 
spring clocks which are often made to strike one at the half 
hour, the count- wheel or locking-plate is divided into 96 parts 
instead bf 7 8, and all the nicks are made as long as the one 
o'clock nick in clocks that do not strike the hsjlf hour. 

Sometimes instead of a nick for every hour there is a pin 
with a slant side, vhich when the clock has struck the pro- 
per number raises the lever fo^atch the pin P in one of the 
higher wheels ; when warning is given the lever is raised by ^ 
the going part a little higher to let the pin P clear the first 
stop S and stop at the second T, and when it is completely let 
off the lever drops and the count- wheel moves on and Jot it 
fall low enough to clear both pins. This of course is exactly 
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BUilp^ in tiM if ^ il <eilWr 

K i»i;^ or ^ itxOdi&g uttowol M 
raa.ism, tit tbe ciodi p^Mk: ^ m kuir/lb vffl algSIm 
inoH^dto Boxt time^ toA catesiot be set right «g8in withoHi: 
8tr|lriB|; it nnmd ii eotmes right; and even this ie not 
irhst^tfOiy hodj icaows hoir to do; and it mi^ be nsehd to 
those have foreiga docks to be told that if jea. put 
your dnger bdund the dock into the loft side of it sod 
lift up Ihe only moveable thing you can leel, you can hardly 
£ul to make it shrike. There are several other yoodes of 
ap^yiag the looking-plate construction, vrhidh are oeca- 
aionally need in turret docks, but these are muck the most 
coiqiaoii. 


MBPEkTING STEIKING MOVEMENT. 

99. The }dan which has long bemi in use in all English 
house 4odm allows the striking of any hour to be r^Kiated 
asdikenaayon ;^ea8e, ortbeddck te be shaped or bade 
past tint hour,* or made sUeut, or to be ruu down, and 
still it will strike right as soon as it is made to shrike again. 
Instead of a emnpiete coont-vrbeelor loddng-plate there is 
only a portion of wheel L M, called the rack, turning on a 

* Some clocks will be foundetS offer a resistance to being put 
back past tbe hour : if they do it cannot be helped ; but the lifting 
piece ongbt to have had its end twisted so that tbe pin on the reversed 
hour wheel oaa pass the wrong way by pushing it aside. If a clock 
is put back between warning and striking it will strike : tins does not 
signify in an English clock ; but it will make any of the foreign 
oloiks, whidi aU have tbe locking-plate movement, strike wrong, and 
theiefan milat not be done. 
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centre O, and having 18 or 14 ratchett shaped teeth on it. 
Another radius 0 N of this fragonsnt of a wheel has a pin N 
set upon it ; and on a M^heel called the 9far toieelj whicli 
uill be described presently and turns in 12 hours, there is 
fixed a graduated mail with 12 steps in it, such that when 
the hour hand points to 6 for instance the pin N can fall 
again|t the 5th step in the snail to such a depth that tlie 
rack can fall through the space of 5 of the teeth. The 
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hfts a click D set on a stud at I)^ which will hold Uie 
te^th in any given place^ a spring G pressing the fact to*- 
wards the left hand. The arm I) E of the cli(^ is prolonged 
to JP, and there rests upon the lifting piece^ which is the 
smip as before, and has a stop T projecting backwards 
through a wide hole in the clock frame, and so placed*that 
when the lifting piece is down in its ordinary position, the 
pin P in the third wheel of the striking train can dear the 
stop T, but when it is raised it will stop the pin and con- 
sequently the train. •‘When the dock gives warning, the 
pin B in the reversed hour wheel raises the lifting piece as 
before, which lifts the click, which lets the rack fall back 
as far as the snail allows it to go. 

Over the rack there is a sort of hook K, which is in 
fact a, pinion witli one tooth, set uplbn the projecting arbor 
of the second wheel, {Le, the one above the striking wheel), 
and at every revolution of that wheel, and therefore at 
every stroke of the hammer, it takes up the teeth of the 
rack one after another, and it is therefore called the 
gathefiit^ piece or pallet W^hen the clock is to strike, the 
lifting piece is let fall, wliich sets the pin P at liberty, and 
dso lets the dick fall on to tBe rack so as to be ready to 
catch the teeth and hold them as the gathering pallet 
gathers them up. After th(^ pallet lias taken up the last 
tooth, its tail, which is on the opposite side to the hook, 
falls upon a pin S at the end of the rack, and is thereby 
stopped from turning any farther, wliich of course stops 
the train. 

91* If the clock is to be capable of repeating the last 
hour struck wlien required, the click PED is prolonged 
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backwards and has a string put fo it which comes through 
the clock case, and when it is pulled the clock will strike. 
But if the string is.let go too quickly the click will catch 
the rack before it has fallen far enough, and the clock will 
strike too few ; and if it is not let go quickly enough the 
click will not catch the rack at the first stroke, and it will 
strike too many. Therefore the string ought to be put to 
the lifting piece, instead of the click, which ^ can be done 
just as easily, though I have never seen it so done. If you 
find on pulling the string that the clock wonH strike, it is 
between warning and striking, and if you leave it alone it 
will strike of itself in a few minutes, 

92, The star wheel, of which the construction i^ 
evident from the drawing, is turned yVlh round at some 
time in every hour (it* should be done before the work of 
the lifting begins, that the clock may not have too* much 
to do at once) by means of a pin Q. on the hour wheel 
catching one of its ray^. The pin does not indeed carry 
it through the whole distance it has to move, for by the 
time it has got about haK way the ray at X in the drawing 
will have reached the angle of the thing called the/wwjacr, 
sliding up its left hand inclined plane, and as soon as the 
point of the ray passes the angle, the jumper, being pressed 
upon by a spring, will do tl^^rest of the work and drive 
the ray still farther forward by means of the right hand 
inclined plane. The jumper also acts as a click to keep 
the star wheel steady; a common click would not do, 
because it vould not allow you to put the clock back, 
whereas this one will allow the rays to pass up either of 
the inclined planes. In the commoner kind of clocks tliis 
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star-wheel is dispensed with^ and the snail is set upon the 
twelve hour whed {in which case it must be reversed) ; 
indeed the only use of the, star- wheel is to rdieve that large 
twelve hour wheel arbor or pipe of the additional weight 
of the snail; and if that pipe were reduced to a modwte 
size and the twelve hour wheel driven directly by the train, 
as described in § 87, the weight of the snail might be dis- 
regarded. 

93. Some clocks are so made that by turning a little 
hand which is placed above the dial the clock can either be 
made to remain nleni, or be allowed to Btrihe. This hand is 
so connected with the lifting piece that when it is turned to 
^ silent^ it pulls the lifting piece out of the way of the pin 
in the hour wheel by drawing its arbor forward, the pivots 
being made long enough for thiit purpose; and when 
turned to ^ strike^ it pushes the arbor back again. Some- 
times the strikiing is prevented by bringing a stop of some 
kind dose up behind the pin S or some other pin set upon 
the rack, which prevents it from falling when the click is 
lifted, and so the gathering pallet cannot get past the stop 
S. This way is more simple than the other, but the other 
has this advantage that the dock can be made ordinarily 
silent, and yet it will strike whenever the above-mentioned 
string is pulled. ^ ^ 

I have seen a third way used, viz : the train stopped by 
a hook or pin pushed into the way of the fly. This is a 
most blundering way of doing it ; for, as it does not prevent 
the rack from falling, the dock is almost certain to stop 
between 12 and 1 o'clock, from not having force enough 
to drive the deep step in the. snail past the pin N in the 



rack tail, even if it is made with a bevelled edge for the 
purpose. In fact the clock in which I saw it had so 
stopped, andk I was told it had frequently stopped before, 
nobody knew why. I relieved it from the difficulty in 
future by taking away the 'silent' stop altogether. In a 
clock with the locking-plate movement however, this plan 
would answer perfectly, and is more simple than any other; 
and probably the maker of this clock had, borrowed the 
plan from an old locking plate clock, not recollecting the 
difference. 

94. It is merely a matter of^ taste whether a clock is 
made to strike on a bell, or on one of the spiral steel 
springs of a very deep notef that have lately come into use. 
Perhaps in a room the spring has a more agreeable sound; 
but they are not heard so far as a bell, and at a distance 
they have a thin sound, very unlike what they pretend to 
imitate, a heavy church bell ; and therefore for a clock to 
stand in a hall and strike for the whole house, a bell is 
certainly the best. 


QUAETEES, 

95. House clocks are occasionally made to strike quar- 
ters. The machinery for that purpose is the same as for 
striking the hours, if we supgose two hammers to be put 
in the place of one, and an additional set of pins on the 
striking wheel to raise them. If they are what are called 
dinging quarters, on two bells, this wheel may be made 
exactly like the hour striking wheel, only with two sets of 
pins set on its opposite sides so as to raise the two hammers 
alternately. But if there are four or more bells, the rim of 
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the striking wheel is spread out so as to form a chime harr el, 
with pins sticking out of it like the barrel of a musical 
box^ and these pins raise the hammers •successively, which 
are all set on one axis. I may here remind elockmakcrs 
(as I have found it necessary to do so before) that though 
the repeating movement may be used for the quarters as 
well as the hour, when the second, third, and fourth quar- 
ters are only tjie first quarter so many times repeated, yet 
when the tunes or changes are diflerent the locking plate 
ought to be used ; for if the repeating plan is u>sed and 
one quarter gets struck wrong or stopped, it throws the 
whole ot' the tunes into confusion, the clock playing at the 
next quarter the right numbenoi changes, but the wrong 
order^ that is, ^ piece of the tune of one quarter, and a 
piece of another ; whereas if the locking plate is used the 
right tunes will always accompany the right number of 
changes, and any person will hear directly not only that 
they are wrong, but Jtow they are wrong, and that they 
merely want striking by hand once or more to bring them 
riglit, which it is much more difficult for an unskilful per- 
son to ascertain when the tunes are wrong but the number 
right. The work for connecting tlie repeating quarter 
movement with the hour striking part is also more com- 
plicated thsfn that of the locking plate, which is remarkably 
simple. But as quarters are so much more rarely put to 
house clocks than to turret clocks, I shall reserve the des- 
cription of the mode of connecting them with the other 
parts of the clock, as well as some other matters belonging 
to them, for the chapter on church clocks. 

96. Small spring clocks are occasionally made to strike 
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the quarters only when they are wanted, as in the night, 
and to strike them cfter striking the preceding hour, just * 
as repeating watches do. In tliis case, the repeating part 
is not wounci up periodically as in a common clock wliich 
strikes quarters; but by pulling a string or pushing in the 
handle of the watch, you wind tip a barrel containing a 
main-spring, which, when you let it go again, works the 
striking movement in the usual way, according to the 
position given to the rack or locking-plate by the wheels of 
the going train. Repeating watches are rarely, if ever, 
made in England, or at least by English workmen ; and 
from the quantity of work that has to be put in a small 
compass they seldom go very well. For tliis purpose a 
small clock is mucli better; and sucli clocks are usually now 
made portable, that ii^ with a balance instead of a pendulum, 
and go by the name of carriage clocks ^ and consequently 
they possess the advantage of being secure against the dis- 
turbances of housemaids. 1 shall have to mention them 
again in the next chapter, • 

ALARUMS. 

97. If you take the pendulum off a clock with a recoil, 
escapement, you will hear it beat about as quickly as the bell 
is struck in aii alarum; audFtfle striking there takes place in 
the same way as if a double hammer were put on the end of the 
crutch of a recoil escapement, just long enough for one end 
of th^ammer to reach the inside of a bell at one extremity 
of the beat, and the other end at the other extremity. Tlie 
manner of letting it off I shall describe presently; but 
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first it may be asked by an obsenrant person^ bow it 
happens that such a small weight as that of an alarum^ fall- 
ing only a few inches, is able to strike such a vast number 
of blows, when the striking part requires a fi^eight of 10 
or 12 lbs. to strike so few as it does. The reason is this : 
the common striking weight has to raise the hammer against 
a strong spring; and the force with which it strikes the 
bell depends upon the force of that spring, and the distance 
it is bent ; but in an alarum, the hammer is merely thrown 
from side to side by the action of the alarum weight, which 
has consequently nothing to overcome but the friction; and 
the velocity of the striking depends upon the proportion 
between the moment of inertia of the hammer and the 
momentum (or product of the weight and the fall) of the 
alarum weight. An attempt appears to have been made to 
produce a common striking part on tliis principle, but with- 
out success, because in that way it cannot strike with both 
force enough and slowness enough to be distinct, 

98. But an alarum is wanted to let off, not always at 
the same time, but at an arbitrary time. For this purpose, 
all we have to do is to make the letting-off pin moveable on 
the wheel wliich carries it. If the common letting-off pin 
were made moveable upon the hour-wheel, we might make the 
clock strike when the long hand is at 50 m. instead of 60 m. 
And in like manner, if we put a^letting-off pin for the alarum 
on a cap, or hey^ which fits tightly on to the socket of the 
12 -hour wheel, we can make it let off with as much accuracy 
m is required at any portion of the twelve hours wt please. 
This key, which carries the pin, has its socket prolonged 
forward, so as to carry a small dial or hour circle under the 
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hour hand, which always travels round with it ; but the key 
does not fit so tigh% that it cannot be moved by the hand 
so as to make a pointer in the hour hand point to any time 
we like on the alsdrum dial; and then it will let off at the 
time so indicated. There is no occasion for any stopping 
apparatus beyond a single lifting piece, and a pin in the 
striking barrel, which rests against the stop on the lifting 
piece when it is not raised high enough to let the alarum 
go. The string of the weight is attached to a wheel 
exactly like a recoil scape- wheel, either of the crown wheel 
or the plain kind, and when it is let off it runs till it is 
down. Of course it must not he wound up until within 
twelve hours of the time when it is intended to strike. 

THE WATCHMAN^S CLOCK. 

99. This is mentioned incidentally in the parliamentary 
papers respecting the great clock for the new Palace, as 
being the invention of Mr. Wliitehurst, of Derby. It is 
otherwise called the tell-tale clock, its object being to watch 
watchmen; ^hose tendency to sleep, like other men, in the 
night, had caused buildings protected by them to be con- 
sidered less secure than those which are only protected by 
the ordinary precautions of mankind before they go to bed. 
In the watchman^s clock thfeM are pins sticking out round 
the dial, one for every quarter of an hour; and the duty of 
the watchman, in order to testify his own vigilance, is to go 
to the clock every quarter of an hour, and push in the 
proper pm, which only admits of being so treated for a few 
minutes : consequently, if in the morning any pin is found 
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sticking out, it indicates that the watchman was absent, in 
body or mind, at the corresponding time. There is a clock 
of this kind, on an improved plan, lately put up in one of 
the lobbies of the House of Commons. ’ The face and pins 
are not open but inclosed behind a glass, and there is a 
handle at a convenient place outside the clock case, which 
communicates with a small lever standing over a part of the 
circle in which the pins move ; and as the pins are carried 
round in a sort of a moveable dial, it is evident that pulling 
the handle when any particular pin is under the lever, it 
may be easily made to push that pin in, and can do so at no 
other time* In fact, if the lever ended in a pencil, and the 
moveable dial carried a rim of paper set round the figures, 
pulling the handle would make a mark upon the paper, 
showing exactly the time at whicli it .was done. But the 
paper would want renewing continually, and the pins do 
not, but are made to pass over an inclined plane at th(ii\ 
back in another part of their journey (performed after 
the hour of inspection), and so to push tliemsclves out 
again; for this purpose it is most convenient to make 
the revolving dial to contain 24 hours, so that tliere may be 
time enough in the morning to examine the pins before 
they are replaced by the inclined plane. 

ELECTEia^Ji^CLOCKS. 

100. If the pallets of a clock, instead of being worked 
by a pendulum, arc attracted by pieces of soft iron, magnet- 
ized alternately by means of an electrical communication 
with the pallets of another clock, as they move to each side, 
or with the teeth of the scape-wheel successively, the two 
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clocks will evidently go exactly together. Not only this, 
but if you take off the weight as well as the pendulum, and 
move the pallets of a recoil escapement backwards and for- 
wards, they win drive the scape-wheel instead of letting 
it escape, only they will move it, and consequently the 
hands, the wrong way; and, therefore, if the scape-wheel 
and pallets are reversed, they will drive the hands the right 
way. Instead of two magnets, one is sujSioient, if the 
pjiUets arc drawn one way by a small weightier a spring, 
and the other way by the magnet. Tliis is the ordinary 
form of what are called electrical clocks. 

101, Bui still further, the whole train of the clock may 
be dispensed witli, except the dial wlicels, by making the com- 
munication take place at longer intervals, such as every half 
minute. The wheel o&the minute hand would then require 
00 ratchett-shaped teeth, and a pair of large pallets to 
be put over it in the same way as the recoil pallets ov«r 
a common scape- wheel ; and at each beat the wheel would 
move through the space of half a tooth. A click should in 
any case be added to secure the wheel from slipping back at 
the moment of escape. The advantage of a minute-hand 
moving a visible space at intervals, such as half a minute, 
will he pointed out under the head of ^turret-clock re- 
montoires/ § 172. 

102. Another way in which^this may be done, is to let 
the dial work be driven by a weight or spring, wound up 
just like a common clock, and make the electricity let it oil* 
instead of drising it. This method is \)eculiarly adapted to 
clocks with large faces and heavy hands ; for in this way a 
dial, or any number of dials, of any size might be worked by 
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au escapement and train no larger than that of a common 
astronomical clock. The only objection to it is the difficulty 
of keeping a galvanic electrical machine in perfect action, so 
that you can depend upon a beat never missing ; for it not 
only requires some attention to the galvanic trough, but a 
small particle of dirt on the rim of the wheel, which is 
divided into conducting and non-conducting spaces, some- 
times- interferes with the contact. Mr. Dent had an electri- 
cal dial, of flie first construction just now described, going 
for some time in his shop, but he found it required constant 
attention to prevent it failing in this way. 

103. When, on the other hand, a large and strong clock 
is employed to drive a number of other clocks, magnetic elec- 
tricity may be used, the large clock by its own force pulling 
or rather sliding a strong permanent magnet out of contact 
with its armature at the proper intervals. Mr. Dent also 
kept a dial of this kind going for some time, making a small 
turret-clock movement work the magnet; and this experiment 
answered perfectly. Of course the clock which has to do this 
extra work should have some provision to prevent the inequa- 
lities of force produced by it from reaching the pendulum. 
It will be seen how this is to be done when we consider the 
subject of turret-clock remontoires. This general explanation 
of electrical clocks may be interesting to those who have read 
in the parliamentary papers 8n the subject, that it is pro- 
posed to have an electrical communication between the great 
clock at Westminster and the Observatory at Greenwich, 
and perhaps also to make it work the small clocks in vari- 
ous parts of the building, 

104. Now that the very convenient practice of setting 
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all the clocks in the kingdom to Greenwich instead of loe^d 
time is becoming general^ it would be hj no means an use^ 
less employment of the electric telegraph to send the exact 
time at a certain hour every day or every week to all the 
telegraph stations on the various lines of railway. The whole 
kingdom would thus have the advantage of an indication of 
the time as perfect as that afforded by the ball on the top of 
the Observatory at Greenwich, which is dropped every day 
exactly at one o^clock. Whereas at present/ the time can 
only be obtained in places where*there is not a good meri- 
dian instrument by the tradition of travellers or railway 
guards, which is equivalent to suying, that it cannot be 
obtained at all with accuracy. I have sometimes found 
a difference of five minutes between the time of the public 
clocks in large towns less than 100 miles apart, and not ad- 
mitting of the excuse that it was the difference of local time, 
because, unfortunately, it has been occasionally the wrong 
way, L e, the clock in the west lias been faster than the 
clock in the east. 

MUSICAL CLOCKS AND CHIMES. 

105. These are merely common clocks, wliich let off a 
musical box, or a small organ driven by a weight, or a chime 
barrel in a church, in the same way as an ordinary striking 
part. A chime barrel is ex^tJy the same as the barrel I 
before mentioned for playing a tune at tlie quarters, only 
much longer, having to play a longer tune and on at 
least eight bells, to each of wliich there are generally two 
hammers, because when a note has to be repeated quickly, 
one hammer could not fall and rise again quickly enough. 
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A* musical box is the same in principle, only the music is in 
the springs raised by the pins on the chime barrel, instead 
of those springs being levers working hammers that strike 
on bells ; and accordingly musical boxes are generally re- 
paired by watchmakers. Organs involve other considera- 
tions besides those of clockinaking, though many of the 
German clockmakers repair these clock organs; indeed 
they are hardly ever applied except to German clocks. 

Clocks a!ce occasional^ made to perform other feats, 
which I do not consider as properly belonging to the art of 
horology, but merely toys; and it is true of clocks, as 
of human beings, that if they profess to do a great many 
things, they seldom do them well. Tliis remark, of course, 
does not apply to church clocks uith chimes, winch are on 
a large scale, and can have ample power and space to*do 
the additional work. 

TEETH OF WHEELS. 

106 . The theory of wheel-cutting does not belong more 
to clock-work than to anj other machinery in which v heels 
are used, and it is too large a subject to enter into fully 
here. But it may be useful to make a few general remarks 
upon it, and I must refer the reader to other works, such as 
^ Camus on the Teeth of Wiieels,^ 'Willises Principles of 
Machinery,^ &c., for the geometrical investigations by which 
these results are obtained. 

First, it is evident that the more teeth any two wheels 
have which are to work together, the less friction there will 
be, and the less it will signify whether the teeth ure accu- 
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ktely cut of the right shape. For if the teeth were infinite 
in number^ and therefore infinitely smsdl, there would he 
no sliding friction at all, , and the wheels would merely roll 
upon each other; and on the other hand, the fewer the 
teeth of each wheel are, the farther they have to slide along 
the teeth of the other wheel. And as the same proportion 
must be kept between the wheels and pinions of a clock 
train, whatever the actual numbers are, the nnjnb^r of teeth 
or leaves in the pinions is at once an indication of the 
degree of labour which has been expended on that portion 
of the clock. In the best astronomical clocks no pinion 
has less than twelve leaves, and sometimes as many as 
sixteen. Jii the striking part of clocks, there is no need of 
the same high numbers, because the uniformity, or amount 
of the force of the train, is of no great consequence (within 
reasonable limits) so long as it is always sufficient to raise 
the hammer. 

107. Another thing to be remarked in clock-work is, 
that the pinions are all driven by the wheels, except the 
pillion of the dial-work which drives the 1^-hour wheel, 
and the pinion which drives the locking-plate when it is not 
placed upon the great wheel of the striking part ; whereas 
in machinery for raising heavy weights, the pinions gene- 
rally drive the wheels. And^ljj^is is of consequence for the 
following reason. When two wheels act together, the teeth 
wliich are in contact may happen to be either entirely on 
one side of the line which joins the centres of the two 
wheels, or on the other, or on both sides. If the teeth have 
passed that line before they come into contact, the action is 
said to be c^Ur or behind the line qf centres; and vice versd. 
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lit this figure^ D«C, represent two 
teeth of the driving wheel, and d> c, 
two corresponding teeth of the driven 
whed. Now, although they are here 
represented as inclined to each other 
at the same angle in each case, yet 
any one must see at once that the 
friction between C and c, after the 
Ime of centres, is very much less than 
between D and rf, before the line of 
centres : no degree of friction (short 
of adhesive friction) could prevent C from driving c, if force 
enough is appUed to it ; whereas if the point of contact 
of D and is a good way from the line of centres, and the 
surface of D rough, a great force applied to the driving wheel 
might merely drive the point of the tooth d into the side of 
the tooth D. The difference between drawing a walking- 
stick along the ground after you and pushing it before you 
is an illustration of the difference between friction after the 
line of centres and before ; and a very moderate degree of 
roughness will make it impossible to push it if it makes a 
large angle with the ground. It is evident therefore that 
machinery will go much more easily when the teeth of the 
wheels are so arranged that^ the wheels are driven behind 
the respective lines of centres. Now it may be shown 
geometrically, that with teeth of the common form a wheel 
cannot drive a pinion •with leaves of sensible thickness with- 
out any friction before the line of centres, if the pinion has 
less than eleven leaves. T^s, therefore, is another reason 
for using no pinions in delicate clocks with less than twelve 
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Ifiaves^ eleven being an inconvenient number, and of oomcae 
the higher the number the better. 

108. There is^ however, a kind of pinion, in which 
(when driven, but just the opposite when dkrimmg, for which 
therefore they are unfit) the action will always be after the 
line of centres, however few its leaves maybe : it is a pinion 
in which the leaves, instead of being radial or of the leaf- 
shape, are round pins set in a ring round^the axis^ and 
from their appearance, these are called Imiem oi box pmione, 
I have drawn the pinion of the scape-wheel ia p. 79 as a 
lantern pinion. Of course, in these as in all other pinions, 
there will be less friction with many leaves than with, few ; 
but whatever friction there is will be entirely of the more 
harmless kind. The Dutch clocks always have these pinions, 
which are merely bit^ of wire stuck into wooden arbors, and 
this is the reason why they will go with an amount of dirt 
that would completely stop a clock with the common 
pinions, and their pmions are the last thing in the clock 
to wear out. The French* have also long used them in 
their turret-clocks, and it is stated in one* of parlia- 
mentary papers, by Mr. Dent, that they have been found to 
show no signs of wearing after sixty years: whereas in 
clocks made wholly with teeth, if not very accurately made, 
the pinions and the wheels ^t work them will be found to 
have worn themselves out of shape in a few years. I have 
seen a report made by a man who was sent to examine a 
turret-clock, made by a London maker, only fourteen years 
old, in which he stated that he found the pinions had 
been already twice shifted get a new bearing for the 
teeth, and that they were now thoroughly worn out. Of 
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course this ^pras an extreme case; but it would not have 
happened with lantern pinions and equally ill-cut teeth, 
because they would only have had the more moderate fric- 
tion, of the action after the line of centres, 

109. Another great advantage of these pinions is, that 
there is considerable risk of spoiling solid pinions, espe- 
dally large ones, in^ hardening them. I have seen a large 
pinion with hiilf the leaves flown completely off in harden- 
ing ; and of course the risk of this adds to the expense of 
tliose that are sound, and also very often causes them not 
to be hardened at all, which is just one of tliose things for 
which you can have no security except the character of the 
maker. Whereas the lantern or box pinions never break, 
and are made merely by driving hard steel wire pins into 
the holes in the hoxy which are bored with great quickness 
and accuracy by a sliding drill and a dividing engine. Con- 
sequently, besides their other advantages, these pinions are 
probably, and when they are of large size, certainly, cheaper 
than solid steel pinions, which require cutting, hardening, 
and polishing, and often break when they are done. 

It must be remembered by those who are not used 
to them, tliat lantern pinions require the teeth that drive 
them to be cut of a different shape from teeth that drive 
common leaves, the teeth drive the common leaves being 
epicycloids traced by a circle otAa^'the radius of the pinion 
rolling upon the driving wheel ; while the teeth to drive 
pins are epicycloids traced by a circle of the same size as the 
pinion itself. No doubt verv few teeth, especially in smaU 
clocks, are really epicycloidS, but some portion of circular 
arcs pretty nearly coinciding for a short distance with an 
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epicycloid ; and where the teeth' are numerous, and there- 
fore small^ there is very little difference. But when the 
teeth are large, the ^erence is sensible, and there seems no 
reason why the cutters of the teeth of large wheels should 
not be made of the proper shape more frequently tlian they 
are. It ought, moreover, to be remarked tliat, whether the 
teeth arc circular or epicycloidal, the practice of topping, or 
turning off the tops of the teeth by way of correcting the 
depths is entirely wrong, because it takes off the most curved 
part of the teeth. If the teeth are cut right, and the depth 
is found to be wrong, the centres are wrongly placed, and 
should be altered, not the teeth, which are innocent. 

110. It is not indeed quite true that the action of a lantern 
pinion begins when the acting side, but when the centre of 
each pin, is on the liil^ of centres ; and therefore the action 
is not so completely after the line of centres as a leaved 
pinion of twelve or more teeth. But practically tliis is no 
objection to their use j first, because none but the most ex- 
pensive clocks have pinions o'f twelve, and it is not in clocks 
of that kind that there is much to be gained (ae regards fric- 
tion) by using these pinions ; and secondly, the advantages 
of easy construction would still remain on the side of the 
lantern pinions, especially when they are large. The scape- 
wheel of the Exchange clock^i^made in this way, although 
the pins are leaf-shaped, because it has twenty of them, and 
is therefore so large that it was found impossible to harden 
a solid pinion properly. Eor the same reason Mr. Vulliamy 
makes liis large pinions of gun-metal, as hard as it can safely 
be used, which however is .m^fch softer than hard steel, or 
even cast iron. Thirdly, when you come to pinions of high 
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uimi^rs, the angle corresponding to half the thickness of 
the pin is so small^ that it is of no consequence whether the 
action begins tihat small distance before .the line of centres^ 
or exactly et the line^ for the nearer you come to that line, 
the less friction any deviation from it produces ; and there- 
fore making the pins of the Exchange scape-wheel of the 
l6iif<»i^ape instead of round was quite an unnecessary and 
very expensive^ refinement ; and Mr. Dent now makes all 
the pinions of the going trains of his turret-clocks lantern 
pinions, with round and hard steel wire pins, and the ease 
and smoothness of their motion is remarkable, even in 
a case where it was necessary to use a pinion as low as seven, 
*wfaich will be described in § 177. 


Exo OF criArrER i. 
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Chaptee II. 

ON WATCHES AND CHEONOMETERS. 

111. I have already said that the only mechanical dif- 
ference between a watch and a clocks is that a watch will 
go in any position^ but a clock only tin one ; for although 
timepieces in cases like small bracket-clocks, only with 
a balance instead of a pendulum, are popularly called 
clocks^ tiiey are really watches, differing only from common 
watches in their ^e, and in the balance being set horizon- 
tal^ or in a plane perpendicular to the planes of the rest of 
the wheels. Such clocks have of course the advantage of 
being portable, and are called*ca77^^ cloch. But unless 
they have compensated balances, they are much XQore affected 
by clianges of temperature than pendulum clocks, or watfties, 
wliich are kept at a pretty uniform temperature by being 
carried in the pocket, as will be explained in § 121. 

112. If you take a common spring clocks with its 
wheels and escapement arranged* exactly like that of which 
a drawing was given at p, 49, and instead of the crutch for 
the pendulum put a wheel of the nature of a fly-wheel, this 
^will be very nearly a watch* Not quite, however; for it still 
differs from a watch in this, that the fly-whed or balance has 
no spring, and so its vibrations will depend only upon its 
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own moment of inertia, and the force of the train* And 
this last dependence is just what we want to get rid of, or 
to compensate in such a way that comparative!) large vibra- 
tions of the balance shall be performed in the same time as 
smaller ones. Dr. Hooke ascertained, among his numerous 
other discoveries and inventions, that the vibrations of a 
spring in large or small arcs are very nearly isochronous. 
The reason of which is that the foftjc with which a spring 
endeavours to resume its position generally varies as the 
angle tljirough which it is bent, with the exception before 
mentioned in § 80 ; and a body acted upon by such a force 
as this (as a pendulum moving in a cycloid is) must oscil- 
late through any distance in the same time. Consequently 
if one end of a spiral spring is fixed to the frame in which 
the balancc-arbor turns, and the other to the balance itself, 
in such a position that when the spring is^t rest tlie pallets 
stand half way between each beat, and the balance is set in 
motion, it will go on vibrating in veiy nearl) the same time, 
whether the force of the escapement drives it through a 
small arc or a large one. In fact, with pallets of this kind 
the %atch will set itself going, because a tooth of tlie seajie- 
wheel must always be pushing against one or other of the 
pallets, and the spring offering scarcely an) resistance in the 
neutral position (unlike a heavy pendulum) the force of the 
escapement is sufficient to move the balance through the 
angle of escape ; and having once begun, it will of course 
go on. Hence it is that with most escapements a watch 
cannot be stopped, if it is clean and in good order ; for as < 
the impulse is generally given at the neutral position of the 
epring (as it ought to be, for the same reason as in clocks), 
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the force reqmsite to give the impulse is generally sufficimt 
to start the balance. The same thing happens in a clock 
when you take the pendulum and the escapement has 
only the slight weight of the crutch to move. 

IIS. The spiral springs used for escapem^ts are of two 
kinds; the common one lying all in one plane^ and the 
other, used for chronometers, 4n which size is not sacrificed 
to elegance, is like a wire wrapped round a cylinder, as the 
string of a clock is wrapped round the barrel ; since this is 
found to be the best form of the two, perhaps on account of 
every ring (so to speak) of the spiral having the same radius, 
and the spring acting therefore moTe uniformly. 

114. The kind of watch that 1 have been describing is 
tlie old vertical wat^, so called because the scape^wheel 
stands vertically when* the other wheels are horizontal, or 
the watch is laid flat. This kind of escapement, as before 
mentioned, like the common recoil escapement in clocks 
with anchor pallets, loses as the arc of vibration decreases. 

REGULATION OP WATCHBS. 

115. The mode of regu- 
lating this and all watches 
is by altering the fixed point 
of the spiral spring, so as 
to make the acting part of 
it shorter or longer, and 
therefore faster or slower in 
its vibrations. This is done 
as follows. A B D is the 
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spring, or rather a portion* of it, as I have stopped it at D 
to avoid confusion. The outer end of it is pinned into a 
cocTc set on the frame at A. The pointer C B E turns on 
an annular or hollow pivot at C, the hole being left in its 
centre for the arbor of the balance, which is called the verge^ 
to go through. At B there are two small pins close to- 
gether, between which the spring is passed, and which 
therefore determine the point from which it begins to bend. 
Therefore as the pointer or regulator C BE is moved towards 
the rightin iliis drawing, it makes the spring vibrate faster, 
and to the left, slower ; and this is done without aflecting 
the neutral position of the spring. If the watch still goes 
too sloM% when the regulator is moved to the right as far as 
it can go, the spring has to be taken out and shortened by 
putting the outer end farther throu^i A and drawing the 
inner end farther out through the other cock by which it is 
pinned to the balance ; for as a given angle corresponds to 
a smaller length at the inner end of the spiral than at the 
outer, the spring will on th6 whole be shortened by this 
operation, while the neutral position of it with regard to the 
balance remains the eame. In order to alter the length of a 
cylindrical spiral spring, either its curvature must be altered 
a little or the point at which it is attached to the balance. 
But, in fact, chronometers are not regulated in this way, but 
by altering the inertia of the balance by screws with heavy 
heads, called timing screws^ The vertical escapement is 
Only now used for the commonest watches, both on account 
of the thickness it requires, and its inferiority to other 
escapements. 



LEVER ESCAPEMENT. 

116. The escapement which is far the most frequent 
in good English watches is the lever escapement^ or, as it 
used to be called, the detached lever, to distinguish it from 
another form of it, now disused, called the rack lever. If 
you put a rack, or a few teeth of a wheel, of wliich the 
pallet arbor would be the centre, on the end of the crutch 
of a clock dead escapement, and let this rack work a pinion 
set on the verge of a balance, such as I have jSst now 
described, the vibration of the balance would cause the 
pallets to move as they do under the influence of a pendu- 
lum. And tliis was the rack-lever movement. 

117. It was howcw liable to stop if the balance was 
accidentally stopped at the neutral position, on account of 
the friction between the rack and the pinion ; and moreover 
the lever or crutch and pallets were carried farther the far- 
ther the balance vibrated. Tips as we have seen cannot be 
helped with a pendulum, on account of the small angle 
which it moves through ; but it can with a balance, since 
that moves through such a large angle that the arc des* 
cribed by a pin set a little distance from the verge will cut 
the arc described by the end the lever so as to include a 
Very sensible depth between 4}^m. Consequently if the 
end of the lever merely has a nick in it, and the verge in- 
stead of being a complete pinion has one tooth or pin that 
will fit into the nick, the lever and pin will act together as 
a wheel and pinion for a short distance in the middle of the 
vibration, but as soon as the pin has got out of the nick 
the balance may turn as far as it pleases without moving or 
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bemg even in contact with the lever; and when it returns the 
pin will go into the nick again and first move the dead part 
of the pallet off the tooth of the acape-wjfeieeh and then receive 
the impulse and leave the opposite pallet with a tooth rest- 
ing upon its dead part. Therefore this was called the efc- 
tmhed Imety as the lever is detached firom the balance except 
during the middle of the vibration. The pin is nsually 
made of a jewels and it works with so Uttle friction that 
you can hardly (if at all) stop the watch, any more than a 
dock ■^th a dead escapement when the pendulum is taken 
off. The pallets are also always made of jewels in good 

watches. In 
this drawing 
the balance is 
put beyond 
its real dis- 
tance from the 
scape-wheelin 
order to show 
theother parts 
more plainly: 
it is exhibited 

U ndddle of tikfcC imptifae, The practical advantages of 
Gm i^ovecamt m that it is^t only a very good one, being 
like the dead escape^t^ of a clock, and without the dead 
which is very nearly removed by the detachment of 
l^hahmcefrom the pallets, but it is moreover ea^to make 
and selfeto wear; and if the watch gets such a fall as to 
break the verge, which is always the first thing to break, 
it can be mended for a few shillings, the verge in this 
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escapement being nothing more -than a plain arbor, ^hich 
carries the pin set upon a small collar. Whereas in the 
two next escapement the verge itself is comparatively com- 
plicated, and expensive to make and mend. 

HORIZONTAL ESCAPEMENT. 

118. It is curious that this, which was invented by an 
English clockmaker, Graham, is the escapement put to nearly 
every foreign watch, whereas the rack lever, whiclj^was the 
foundation of the detached lever, the principal English es- 
capement, appears to have been inVfented in Prailbe, though 
tlie detached lever was invented by Mudge, a fgunous chro- 
nometer maker here. There is nothing in clbdks oortespond- 
ing to tliis escapemenfr, and it will be best understood at 
once from the drawing. The verge is spread out about its 
middle into a portion of 
a hollow cylinder, of 
which the section is 
sliown at AB. The 
scape-wheel teeth are of 
the shape of a * flat iron^ 

.set upon a pin, as shown 
in the second figure, and 
just long enough to be 
contained with the cy- 
linder. A tooth is here 
represented as just es- 
caping from the inside of the cylinder and giving the im- 
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pulsef; for as the balance turns to the right* the sloped part 
of the cylinder at A comes up to the point of tlie tooth, 
and eo the tooth in making its way out, gives an impulse to 
the balance ; and then the next tooth strikes against the 
outside circular part at B, and rests on it until the balance 
turns the other way, and then that tooth makes its way into 
the cylinder giving an impulse in so doing, Tliis escapement 
therefore is not detached, as a tooth is always pressing 
either upon the inside or the outside of the cylinder, and as 
in the cqjfnmon dead escapement, a tooth is always acting on 
the inside of one pallet or the outside of the other. This 
is not unlike the pin wheel dead escapement in this respect, 
that it is not very material that the teciJi of the scape-wheel 
should be exactiy at the same distance from each other, 
siuce th^ act successively. But is wcry unlike it in ano- 
ihi&r respect, that it is very expensive to lUend if broken. 

One curious foot in tins escapement is worth mention- 
ing : it is found that the shaiy teeth of the scape- wheel 
cut the cylinder less if they are made of steel than of 
brass. I haiyguAeard of no satisfactory way of accounting 
for this ; and it seetus that there is yet room for a good 
deal of discovery in the theory of the wear of two metals 
working together, in which several of the known facts are 
different from what were antiefoated, especially the necessity 
for soft bearings, made only of block tin, which is nearly as 
soft as lead, for railway axles or Journals ; while on the other 
hand 1 imderstand that brass, and even gun-metal, is aban- 

* Perhaps it may be as well to explain^ that a wheel is said to 
turn to the right, when, if you took hold of it with your right hand 
in its natural position, you would turn your thumb to the right. 
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doned for the bearings of lathe- spindles in favour of cast- 
iron or steel. There is no doubt, however, that iron and 
steel working together require fresh oil more ftequently than 
brass and steel ; and bra^s scape-wheels are nearly always 
used for the dead escapement in clocks, and the lever 
escapement and all others except the horizontal in watches, 
which is just the one in which we should have expected the 
points of brass teeth to be worn out sooner than in any 
other, instead of wearing the hard cylinder. 

DUPLEX ESCAPEMENT. 

13 9. The duplex escapement 'is so called because the 
scape- wheel has a double set of teeth : viz., a set of long 
teeth, wliich merely rest against 
the verge of the balaflce except 
when they are escaping, and a 
set of short teeth or pins to 
give the impulse at the time of 
escape. The long teeth are so 
made that their forward edge is 
a radius of the scape-wheel and 
a tangent to the small circle 
with a notch in it ; consequently 
that circle or cylinder, which ^ portion of the verge, con 
turn to the right, with no other effect upon the long teeth, 
than that the friction against them is rather greater as the 
opening of the notch passes, than when they are merely 
pressing upon the cylinder ; but as the cylinder is very 
small, and the teeth long, and the notcli narrow, this extra 
friction is very little. When the balance returns, the point 
of the tooth falls into the notch, and goes along with it, and 
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so escapes^ and at the same time one of the pins catches the 
long tooth projecting from the verge, and gives the impulse. 
It will be seen that the principle of this escapement is 
not unlike that modification of the dead escapement for 
clocks, which I suggested (45), and which if it can be made 
accurately enough with moderate care, ought to answer 
equally well ; for here the dead friction is that of long teeth 
acting upon a cylinder of small radius, while the impulse is 
given by short teeth acting against a long radius. Tor this 
reason, asd also from the action being so direct that it 
does not require oil, the duplex escapement is a very 
one ; but, as may be inferred from this description of 
requires unusual care in making and putting together, and 
also in carrying about ; for if, by an accidental twist of the 
watch, the balance should happen not*lo vibrate far enough 
to let the nd)ch get past ilm long tooth> tlie escape cannot 
take and the baJenee loses its impulse for that vibra- 
tion ; aall as it mdy receives an impulse at every alternate 
vibciStion# unlike the three pr^eding escapements, it will 
ptohMj not ijesav^itsdf will stop. It is therefore 
X0.U for ordinary Wearere of watches, and above all for those 
who in winding tip their watch turn it nearly as much as 
thoy do the key x a very mischievous practice with any good 
watch, as it deranges the arc vibration for the whole time of 
winding up, and some time afterwards. It is not perhaps very 
es0y to avoid it altogether with an ordinary key ; and there- 
fore I should recommend persons who have really good 
watches to get a key made with a straight wooden handle 
like a tliickish pencil. You can then wind up your 
watch, keeping it quite steady, by a few twirls of this 
pencil between your finger and thumb, and in a quarter of 


got^ 
it, it 
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the time that a common key take?. The watchmakers them- 
selves always use these pencil keys. 

CHEONOMETEES. 

120. The perfection of all the watch escapements is 
tliat which has from its use acquired the name of the 
eironometer movement, but was originally called the 
backed, the balance being entirely detached from everytliing 
else except just at the time of action : in othfer words there 
is no dead friction j and moreover the impuls^ is given 
directly, and nearly at right angles to the line of centres of 
the balance and scape wheel, as in the duplex escape- 
ment, instead of obhquely as in the vertical, lever, and 
horizontal escapements ; and therefore it is not subject to de- 
rangement by the variable state of the oil, as it requires none. 
The teeth of 
the scape- 
wheel, in- 
stead of rest- 
ing against 
a verge, rest 
against a 
stop S set 
upon a lever 
a b. This 
lever having 
only to moVe 

through a very small angle is set upon a small and stiflisii 
spring at a instead of a pivot, which allows it to move just 
as a pendulum spring does a pendulum. The other end of 

H8 




154 


WATCHES AND CHEONOMETERS. 


the lever has a weaker spring 5 also screwed to its in- 
side (that is the side nearest the scape wheel) and pro- 
jecting a little beyond its end. On the verge there is a 
small tooth or cog c which can pass the spring in the 
direction towards the scape wheel, by merely pushing it 
aside as shown in the enlarged drawing of that part, as it 
has room to bend in that direction ; but in going the other 
way the spring cannot bend, and therefore the tooth c 
carries the lever with it, moving on its own spring a ; and 
^ so doi^^ the stop S is pushed out of the way of the tooth 
of the scape wheel, which is therefore let go ; and at that 
moment the long tooth or snail en4 attached to the verge 
(which corresponds exactly to that in the duplex escape- 
ment), comes into such a position that the tooth of the 
scape wheel catches it and gives the impulse. 

It is evident that this also is an escapement tliat re- 
quires considerable care in making and using. However 
it is never applied to any but clironometers, or the very* 
best watches, and those of considerable size, and persons 
who possess thgiBij^ aware that they are instruments of a 
very different class an ordinary watch. It is men- 
tioned in the Encyclopaedia Britannica that a maker of 
the name of Owen Eobinson made use of long teeth for the 
stopping part, and short on^ for the impulse, as in the 
duplex escapement, but the contrivance has not been gene- 
rally adopted. Probably the friction of unlocking the 
common teeth is so small that the two sets of teeth were 
not worth the additional trouble, and the long teeth in- 
creased the inertia of the balance. 

121, It may be observed that as the lever is not conn- 
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terpoised, the iw)rk to be done iu unlocking is different, 
according as the mtch is placed vertically with the weight 
of the kvcr pressing towards the scape wheel, and therefore 
having to be lifted at unlocking, or the other way up, when 
the weight of the lever helps to mdock it, or horizontally, 
when the weight acts neither way. Consequently it is desira- 
ble to keep a chronometer always in one position; and that 
position is the horisontal one for another reason, which 
applies to several things besides chronometer'balances. 

If you take a small portable clock with balancp 
heavier than any watch balance, and lay it on its back or 
side, and observe the vibrations of the balance, you will see 
that they are much less than when the clock stands up, so 
that the balance is horizontal. The reason is that a pivot 
standing upright ami with its point resting on a hard 
surface, and merely kept in its place by the hole in which 
it is placed both at the top and bottom, moves with much 
loss friction than the same pivot set horizontally in circular 
pivot holes. For, however tliin the pivot may be made, 
of course its point can always be made sgjg^er, and in fact, 
if the wheel is light, it may approfflSi^indefinitely near to a 
point, in winch case there would be no friction, at least none 
which the weight of the pivot and its wheel would augment, 
the lateral friction against the sides of the hole being inde- 
pendent of the weight resting on the vertical pivot. Sliip 
chronometers are accordingly kept liorizontal by being hung 
in giiffihah (see next page), which are in fact an universal 
joint, the chronometer having twq^pivots E, W, which move 
in holes in a large ring having other pivots N, S, at right 
angles to E, W, which turn in holes in the sides of the box. 
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The fly of the striking . 
part of very laige docks 
is in like manner some* 
times placed irith its axis 
vertical, being connected 
with the train by bevdiled 
wheds, partly in order to 
avoid the friction on the 
pivots of such a heavy fly 
movingwi^Ji great vdocity, 
and partly to save room. 

122. Another remarkable application has latdy been 
made of this principle of using vertical pivots ; viz, in the 
ship compass. Everybody knows the common way of doing 
it, viz,, fixing the ca/rd and needle upon a conical cap, or in- 
verted cup, standing on the top of a sharp spike. This, of 
course, has very little friction, when merdy revolving levd; 
but then it is liable at sea to great disturbances which some- 
times render it useless ; and moreover these vertical oscilla- 
tions soon weQjJ^point blunt, Mr. Dent has therefore 
lately applied the cKohometer suspension to compasses; 
that is^ the axis goes right through the mrd like the axis or 
verge of a watch balance, and rests' at the bottom on a 
jewel or hard piece of sted put under the pivot hole, and 
at the top in an ordinary pivot hole set in a fi^ame above 
the card, the whole apparatus^ as usual, being swung in 
gimbals in the same way as the chronometer just now des- 
cribed. There appear al^ to be several collateral advantages 
in this kind of suspension besides its steadiness ; such as 
the power of making the oimpass as you please 


iJ 
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by mea!is of an a4ju3ti^e ^ring pressing against the side 
of the upper pivot, and the power of inverting the compass 
to ascertain the error of coHimation. However, it would be 
out of place here to dwell at any length on the compass 
suspension, which is only introduced as an illustration of the 
principle of suspension of the marine l^hronometer. 

I said just now that the lower pivot of this compass 
rests on a hard piece of steel or a jewel. In the escapement 
of all good watches, and in the best clocks, there are what 
are called eni-atops; that is, the pivots are not kept in 
their place endways by their ahoulderSi but by stops, of 
metal in clocks, and jewels in "watches, against which 
the pointed ends of the pivots rest, not of course tightly, 
but sufficiently close to allow only the necessary shake 
or freedom. The necessity of this freedom, both end* 
ways, and sideways, of all the pivots in clock and 
watch work, is one of the points in which it dilfers from 
common engineering; for in other machines there is 
generally force enough to spare, •so that a slight degree of 
tightness in a pivot does not signify, esgpciaUy if plenty of 
oil is used. But in the going paSrlT of a clock such an 
occurrence would probably stop it. Besides the end-stops, 
the pivot holes for the balance, and the scape-wheel, are 
made in jewels in good watches ; and beyond these there 
appears to be no use in jewelled holes ; and watches that 
are called jewelled in eight or ten holes are often inferior to 
those which are only jewelled in the four I have mentioned. 

NEW STOP WATCH. 

123. It requires some experience and quickness to note 
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the exact second at which any phenomenon takes place 
which you have to employ your eyes upon. Astronomers 
do it by looking at their clock at some Igiven second, and 
then counting the beats from it by ear as they look through 
the telescope ; and experienced persons can do this to a 
tenth of a second. " ^ut for the pmpose of making this 
pmre easy to ordinary people, watches have been lately 
made with a large second-hand, carrying some colouring 
fluid on its end; and there is a small pin which you 
press with finger at the moment when you observe the 
phenomenon, and this presses the point of the second-hand 
upon the dial, and so makes a mark, which you can after- 
wards examine at your leisure, and without the necessity oi 
employing your attention on counting the seconds. The 
same thing used to be done by the pin stopping the watch 
when it was pressed, which of course made it wrong after- 
wards. In a stop watch, of either kind, you can only 
denote the time to that fraction of a second, which the 
scape- wheel happens to bdbt ; ‘ and therefore a watch with a 
lever escapeTgeBt jgill be better for this purpose than one 
with a detached or^uplex movement, since in them the 
second-hand only moves at every alternate vibration of tlie 
balance. 

In other respects watches^ differ so little from clocks in 
the principles of their construction, that it is unnecessary to 
say any further on that subject. But there still remains to be 
noticed a condition which is even more essential to the 
accuracy of their performance than to that of clocks. I 
mean the 
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124. The ba^ince of a watch requires compensation 
muc};^ more than a pendulum^ if it is to be expose^ to 
such changes of temperature as clironometers are, though 
watches carried in the pocket are not ^subject to much vari- 
ation of that kind, unless they are left exposed in cold 
nights. The variation in the elasticity of the spring, which 
affects in a small degree the vibration of a heavy pendulum 
whose time is mainly determined by gravity (65^ affects a 
light balance whose time of vibration is mainly determined 
by the force of the spring a great deal more. I extract 
from a small pamplilet on compensation balances, published 
by Mr. Lent, the following results obtained from a glass 
disk as a balance, \rtiich was used for the experiment 
on account of the moment of inertia of such a disk being 
less affected by temperature than a metallic one. 

Temperature. Vibrations in an hour. 

- - - - - 8605-7 


66° - . - - ^^;g^598:2 

100° - - - - 8689-7 

(The proper number being 3600). Supposing, therefore, 
that the balance had been adjusted to go right at 82°, 
it would have lost 7*54 and 8*5 seconds respectively for 
the first and second increase of 34°, which is equal on the 
average to more than 3 minutes in the day; whereas we saw 
(57) that a common iron wire pendulum would only lo^ 10 
seconds in a day, with about 1 J more for the spring, under 
such an increase of heat of 34°. And if a metal balance 
had been used instead of a glass one, the loss would have 
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been still more, on account of its expansion. I believe it is 
not far from the ti'uth to say that the effect of the expan- 
sion of the metal in a balance is as much less than that of 
the weakening of the spring, as the effect of the weakfning 
of the spring is less than that of the expansion of the steel 
rod in a 1 sec. pendulum. Any body may easily satisfy himself 
that the variation in the elasticity of a v atch-spring vastly 
^ceeds in effect that of the spring of even a short pendu- 
litm, by putting a common watch and a bracket-clock with a 
pendului?\ together in a cold room in winter, and adjusting 
them (if necessary) till they go pretty well togetlier ; then 
shut them up in a hot room for a day, and you will see that 
tlie watch has been left several minutes belund by the clock, 
in consequence of the greater effect of the heat upon the 
balance spring than upon the pendulum spring ; for as far 
as the expansion of the metals is concerned, the balance and 
the pendulum rod will expand about equally. 

125. The difference in the amount of compensation 
requited by a balance and a pendulum is so great, that it 
cannot be effected exactly lu the same way, though all the 
methods that have been invented depend upon the same 
))riuciple, of making small weights attached to the balance 
approach nearer to the centre as the heat increases, so as to 
dimmish the moment of inertia, or the resistance to the 

if *■ 

force of the spring. 

It is true of a balance, as of a pendulum, that if ‘ 
it ’^prer composed of rods or spokes without weight and 
a rim consisting of a single heavy line, or even a line with 
weight in only one point, the time of its revolution would 
depend (the force being the same) solely on the square of 
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the radius of the riuu But as the mere expausion of the 
wheel itself produces a small effect compared with the 
decrease of force in the springs it is evident that we must 
have some more violent method than the i^rai^ht forward 
expansion of one metal over that of another^ which will do 
in a pendulum^ to produce the requisite effect in a balanoe. 
And this effect is produced accordingly by the curoilvnear 
expansion of one metal upon another. 

If you fasten together tightly, as by soldering, a bar 
of iron and of brass, and heat them, the brass eipanding 
more than the iron will evidently bend the iron inwards. 
The way, therefore in which a 'compensation balance 
is made is this. A ring of steel is made with a bar 
across the middle; outside the ring is cast another 
ring of brass in such* a way as firmly to adhere to 
the steel, in fact to be brazed to it; this ring is then 
filed up to the proper size, and then a broadish cut is 
made through both rings at each 
of the comers A, B; and finallj^ a 
few screws with heavy heads are 
set in various places near the end 
of each portion of the cut ring. 

Consequently, as the heat dimi- 
nishes the force of the spring,^it 
expands the outside brass curves 
more than the inside steel ones, and so their ends, with the 
additional weight of the screws, bend inwards towards 
centre of the balance, and its moment of inertia is dimi- 
nished. The proper adjustment of these screws is, as may 
be supposed, a very delicate operation, and requires a great 
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many trials at different temperatures, and can therefore only 
be done in winter, or by means of freezing mixtures ; and 
is consequently very expensive. And many watches with 
compensation balances are sold, which have never been ad- 
justed at all, and nobody can tell by merely looking at 
them whether they have or not. They may be somewhat 
better than completely uncompensated balances, as the 
screws have probably been put in according to the common 
rules for a first approximation; but tliis is a matter in 
which n® security can be had except the reputation of 
the vendor, unless he will allow the watch to be taken away 
«id tried in different temperatures: any person, of ordi- 
nary observation, who has the means of resorting to a 
good clock can easily try whether the compensation is 
tolerably complete, or is over-dqne,^s it sometimes is. 

A similar contrivance has been applied to compensate a 
pendulum : two compound rods of tins kind, with the brass 
side downwards, being made to project from the bob, and 
carry balls at their ends, which therefore rise as the bob falls 
and the brass expands. They have, however, never come 
into general uuse, and aU such projections from a pendulum 
are objectionable on account of their tendency to twist if not 
placed exactly in the plane of vibration ; and it would be 
unsafe to trust to a compensatiou of this sort without actual 
trial, which would make it at least as expensive as a zinc 
compensation; and on a large scale the compound bars 
w^diprobably split themselves asunder instead of bending. 

SECONDARY COMPENSATION. 

126. Still however the compensation is not completely 
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effected in this way. It has been found that if it is ad- 
justed for two extreme temperatures, such as S2® and 100® 
the watch will gain ^at mean temperatures, and if adjusted 
for mean it will lose at extreme temperatures. The reason 
is this. The force of the spring is ascertained to vary as the 
temperature ; but the isochronism at different temperatures 
depends upon the ratio of the force of the spring to the 
inertia of the balance remaining the same, just as the time 
of a pendulum depends upon the ratio of the force of 
gravity to the radius of oscillation. Now by thi* ordinary 
method of compensation the weigljjts approach the centre at 
a rate nearly proportionate to that of the increase of tem- 
perature, in fact rather more rapidly at low temperatures 
than high ones, which is just tht reverse of what is wanted. 
For the inertia of the balance depends on the square of the 
distance of the weights from the centre; and therefore in 
order that it may always bear the same proportion to the 
force of the spring, the distance of the weights ought to 
vary more rapidly when they are near the centre than when 
they are far from it, that is more rapidly at liigh tempera- 
tures than at low ones. 

To persons accustomed to mathematical formute the 
nature of this result wiU be clearly exhibited by observing 
that if r be the distance of weights M (which for con- 
venience we may suppose to be the whole mass of the 
balance) from the centre, the new moment of inertia, for 
an increase of temperature which causeg an increase gf r 
which wc may call dr, will be 2 rdr-h ; or the 

ratio of the new inertia to the old will be 1 + + (^). 



164 


WATCHES AND OHBONOMETERS. 


The reader may remember that in the ease of com- 
pensated pendulums we ne^ected the quantity corres- 

|ionding to (~) because of its smallness; but the com- 
jiensation required for a balance spring is so much greater 
than that requited for the expansion of a pendulum rod, 

T\ ^ 

—1 now becomes sensible; 
fmr, as was slated before, the object of these compound bars 
of balances is to make r vary much more rapidly than it 
could do^ the metals acted only by their direct cxpan- 

sion. And it is this team j which renders necessary what 
is called th.e secondary compensation, which is of course a 
great deal smaller than the |riinary one which is represented 

by but still is large enough to require a special contri- 
vance ip mif accurate chronometers. 


X27. Or to adopt the illustration given in the pamph- 
let I referred to, the variation in the force of the 
tpay b^ represented by a straight line ABC in- 
clippd to the straight line of temperature at an angle re- 
pfesenting the ratio at which the primary compensation 

must advance; where- 
[\ as the variation in the 



inertia can only be 
represented by a curve 
such as A d C, which 
can be made to coin- 
cide with the straight 
line at any two points 
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we please, but at no others. Tliis figure will show that if 
we make them ooincide at extreme temperatures the mim 
falb below the strai^t line at the intermediate temperatures^ 
or the inertia is too little ior the force, and the watch will 
gain ; whereas if we adjust it for any two adjacent tem- 
peratures it will lose for all above or below them. 

128. Several contrivances have been adppied to effset 
this object of making the weights move faster when they 
are nearer the centre. It will be sufficient to desmibe one 
of them in such a way as to show the princijjle of their 
construction, which is, if compound bars are used, to give 
them such a curvature as will cmy‘ the weights at the ends 
in a direction more nearly coinciding with a radius of the 
vrheel when they are nearer tlie centre tlian when farther 
from it. It will be ^sily seen from this drawing that if 
the curved pieces are made of 
brass and steel, with the brass 
inside the curves, they will 
carry the weights inward & 
the temperature increases, and 
that the motion will be more 
in a radial direction when they 
arc comparatively near the 
centre than when fer from^ it^ ^ 

129. The method just now described is Mr. Dentb- 
It appears fkrom a report of the astronomer royal to the 
Admiralty, in a parliamentary paper lately published, that 
the same thing was done to a certain extent and the 
principle of it suggested by a Mr. Eiffe ; and that it lias 
lately been done with great success by Mr. Loseby (several 
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of whose chronometers have been accordingly purchased 
for the Admiralty) by means of mercurial tubes, curved so 
that the expansion carries the mercury outwards, when its 
extremity is near the centre, more rapidly than it does when 
the mercury has reached a part of the tube more distant 
and more curved towards the centre. I have no means of 
giving a correct drawing of Mr. Loseb/s compensation 
tubes, but the principle of their operation is sufficiently 
evident. 


E.\D OF CUAPTEl; II. 



CHAPTp in. 


ON CHURCH OR TURRET CLOqCS. 

The principal difference between church or tur^t clocks 
and house clocks is in their size. But this difference makes 
it necessary to attend to some thingfe in th^ construction 
which hardly require consideration in small clocks. Mare* 
over they cannot always be made in the same way, because 
they have to adapt themselves to various situations, and 
have very different amounts of work to perform, and are 
required to satisfy very different conditions as to accuracy 
and price. 


PENDULUM. 

180. In all cases, however, the first thing to attend to 
is the steadiness of the suspension of the pes^ulum ; which 
may vary in weight from 1 to S or 4 cwt,, according to the 
«ize and number of dials that dock has to work. No 
rule can be laid down upon that point ; but for the reasons 
stated in § 89 the pendulum ought always to be as 
long and Mfeavy as it conveniently can be, and the greater 
the amount of friction, and therefore variation in force, the 
train is liable to, from large dials, the greater necessity there 
is for a powerful pendulum. And the heavier and longer 
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tihe peodnlma is, the more it will require • firm support ; and 
tiiis is gmerally best obtuned by fixing the cock urhich 
eatties it to the wall behind the dock. !the cock should 
be cast on a large iron plate, whidx is'fixed by bolts leaded 
into the walL The bolts should have shoulders to receive 
this {date, or else screwing the nuts on will tend to draw 
tlhln out dt the well And the bolt holes in the plate 
dkould be huge enough to allow some motion for adjust- 
ment. For cheap docks the cock may be merely a strong 
piece of, cast iron, leaded into the wall, with a proper 
<^pauQg in it wide enough to carry the spring and chopa 
in the manner desmibed for astronomical docks (36), which 
is the only way of fixing the top of the spring firmly. 
Bat carewhould be taken to put the cock in so that tiie 
pin tbrorgh the chops will lie quite level and also paralld 
to the wall, or at tight angles to the pallet arbor, and only 
so much above ft that the bend of the s|Hring will come just 
opposite the end of the arbor. 

131. The spring should be broad and thin, not 
narrow and stiff, and not more than 4 or 5 inches fong, 
from the chops to tae pendulum top.* Sometimes, to 
prevent the pendulum from twisting, two narrow springs 
are used, separated by about an inch. But a single one, 
broader than the two together is better, not only because 
it will affect the vibrations less by its own dasticity, but 
because, if the two springs are not exactly of the same length 

• 

* Hr. Dent has fonnd he can get from the saw-makers better 
pieces cf steel for turret-clock springs than from professed spring- 
maken, and at half the cost. I hare seen some speeimeos of each, 
asA there is no question which is the best. 
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and sttength, 'lliey will tend to twist tlio pwiMuto at ewy 
vibration. l!be cliops may be as wtfi of east iron as of 
brass, and they should be screwed tojjetlter tbrou^ tim 
spring as near the bottom as can be. In this drawii^ 1 



have shown the chops and spring and a side Mew ot the 
cock and the plate belonging to it, and the kmwa of the 
T have also given a front view of the form of plate which 
appears to me the best for obtaining steadiness with four 
bolts. 

132. Of course a compensated pesndnlum is better than 
an uncompensated, one ; but, J^he expense of compensating 
a 14 feet pendulum is an obidacle to their dse. The Ex< 
change clock is the only one in England, if not in the 
world, with a compensated pendulum of that length. Mr. 
Dent, however, has lately begun to^use 8 feet pendulum*^ 
compensated, with bobs of nearly 2 cwt; and it appears 
that such pendulums do not cost above £7 or £8 more tlian 
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t(^ 8 u 4 the bottoiB. of the peodulom as the seoesaai^ metal 
ttoninai^iiHU toll aSov ; tmd with tost view, perinpa, it 
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swiagtog, «bic& «Sbind$ wa imiiqlMW 
waato deaning or adt ^ImtoMtoa be a el 

st^ or idat^bnii to rnbd ateft lat vitt 

go aniler tile dock, and itotake op ae tona^ai aiaed Dint* 
fortovoold. lan^add, tMtitoJtoatoMtoWragiMbob 
ought alwajm to be d the bottm tbe tody soMh^ «t tile 

top, or, stSl worse, at the tile of the bob, la a eetopea' 
sated peucUdom it would, as a diaitter of oepisi^ be pul 
at the bottom ;. and m awoodeaime iteetuMtbaptttiattiie 
top wiiboat making part ei the rod of metol f and iNi ig. 
put, as it sometimes ii; at the side tt tiie wd, a littie wugr 
above the bob, aiteciilg tim mem has a to bfmd 

the rod, so that tiie bob does not hang veriieallj i^on U. 
Care must be taken in makiiig compeOMtted pendidaiBS, 
both that the bob and comp^ation tubes do not tarn wjtit 
the nut, and also that when 70 a hdd the bob atoadj, tilira> 
ing tile screw does not turn the rod, and so twist tiieiipiintgj 
and th^ore the aino tube must not red on the nut, bat on 
a coUaf, which dides on a square or smna other uneircular 
portion of the rod, and the coyi|| and the nut should Reseat 
convex surfaces to eadh other, to tilow the nut to torn more 
eanijr. Sespecting the shape of the bob, and the ludhodod 
a^justingf 1 have already spokeu in $ 70, 71. 

lS 4 i. There is a praoti^, not anomnaion with eoniitiy 
doekmakers, of hangiiig the pendulum to the wall at ^ 
side of the chich: insttod of bdiied it, and o a naectiug it 
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vitb the cnitdli (irUudi somefhnes goes up instead ef doifn) 
i^ab(^oid»ij(odtwoorthreefeeitioztg. Ihisj, thoi^ii a 
coav^ent masgement in appearance, is a yery bad one 
foe the pecfonosnoe of the doclt ; for it is evident ihat the 
friction, and the shake, of the two additionid pivots must 
tend to diminish the vibrations of the pendnlum, or in other 
words most require a greater force on the pallets to mam- 
tidn the propa vibration; and thmefene, bj viitae of what 
is stated in § 36, most make the (dock go worse than if the 
pmtdnlnm {fere suspended in the common way, just oppo* 
site the pallet arh(»r. Ifo doubt there may be cases in 
which it is hardly possible to suspend a long pendulum in 
any other way; and when it is necessary so to suspend ic, 
horis(mtal connecting rod should be as light as possible, 
ahd its pivots small and accurately fitted to the crutch and 
the pendulum, so as to diminish the friction and the shake 
in the pivots as much as possible. Moreover^ care must be 
t^en that the crutch and the pendulum move exactly in 
the same plane, or the impulse of the pallets will tend to 
make the pepdnlum revolve in a sort of elliptical cone, in- 
stead of vibrating in a jdane. 

135. If the pendnlum emmot be fixed to the wall, or if 
the (dock frame itself is very strong and firmly fii^, it may 
be hung from a flat iron going over the top of the 
frame, and having a nick in the end broad enough to admit 
the chops. This bar will have to be screwed into both the 
back and front of the frame, and before the screw holes are 
made, it diouM he carefully adjusted. Iso that the pendulum 
will'swing exactly in a plane at right angles to the pallet- 
nxhor, and having the edge of the q>iit^ exactly opposite 
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to the end of tliie pall^-mrbor; which may be eflbctedl^ 
taking out the arbor^ and looking tiitough the two holes in 
the frame at the springs and seeing that it is in the middle 
and appears merely as a Hne« 

FRAME. 

136, It is of nearly equal importance that the fcsiae 
which carries the wheels should be strong and steady. 
frame of astronomical and house clocks consists merdy of 
two plates of brass joined together by pillars at^lhe comers* 
Glic frames of turret clocks arc made of iron bars so placed 
as to carry the arbors of the wheels. The old fashioned 
way IS to make the frame consist of a front and a back set 
of bars joined by pillars like a house clock, and reqturingi^ 
to be taken to piedfes to get the wheds out when 
want cleaning. This is still done in second-rate dodcs, 
tliougli it may very easily be avoided. The fraqae ought to 
be so made that when once put together and screwed down 
to its stnnd, the substantial parts of it should never be 
taken to pieces again ; and this is either done byinakingthe 
bars which carry the wheels separate pieces, screwed on 
to the more solid parts of the frame, or, what is better, as 
regards the smaller wheels, by making the brass bmheB 
wluch contain the pivot h^l^ to take out, and then the 
wheds can be removed separatdy, at any rate sufficiently 
to dean them. These loose bushes should have their three 
screws set so as to form an isosceles, not an equilateral tri^ 
angle ; for if they ar^at equal distances the bushes get put in 
in different positions, and as the pivot hole is not likely to be 
be exactly in the middle of alt the screw holes, it gets dis- 
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totted £c«iit la^ plaoe. If tkirft aM eoMWs 

tiifivo alM lae t»e 8tea%^, for liua aatae 
TSlth idude of t]ie frame, ox of eaeh aide of ^ ilboidd be oaat 
ia eme jpiece, and the piUais ediould have broad aibaiddeis a&d 
atmiiag (breads and nuts to ooiie the two sides together, and 
the fnaae should be firom ^ to |th inch thick according to the 
cue of the <do(^. Then the two barr^ may be set in sepa- 
fatt bars bolted to eaidi side cl (he frame. All the rest of 
&e wheels may be inserted by meahs of moveable bodies 
and without any extra bars to the frame. In this way the 
frssne is stronger, as well as cheaper to make, than if it is 
made in many pieces which have to be fitted to each other. 
!Pat there are several varieties of dock frames which it may 
as wdl to describe separstdy. 

tB7. I^st suppose there are to he four wheels in the 
dain, as in a house clock, and all the arbors of the same 
Imigth as the barrel, this being the most ordinary kind of 
construction. Then a %me such as this will be perhaps 
the best and most conn^iact form. 1 have inserted the end 
of the bar which carries the pendulum, in order to show 
how it is to be placed if (he pendulam is not fixed to the 
irall. 1 have not indeed seen a frame o£ this form, and 
possibly the arrangement may be found on trial to require 
some little modification ; bu^ dockmaker to whom 1 sug- 
gested it said he should use it; and when it is necessary 
to res4»t to a four-wheded train, this kind of frame will 
carry (he wheels with a less amount of iron work than usual. 
F F P P are the four pillars, and a fifth might he insoted 
in a large dock in the cross bar which carries the scape- 
wheel and the hammer lever, mid which haa the locking 
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plate set upon a stud outsid#.^ Tlie uumbers of the teetli 
which I have inserted are of course arbitrary, and may be 
altered in the propw proportions. 

I have put down the great wheel of the going part as 
turning twice more in the week than the striking great 
wheel, because the striking part almost always requires a 
heavier weight, and therefore a thicker rope tlian the going 
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^ TIte tecffiisite thickness of rope can be altered bjr 

altferitig' the diameter of the barrel or the laH of the weight ; 
or if the &JQl ia limited by the situation the weight can be 
increased and an additional pulley added* It is, however, 
to be remembered that every extra pulley adds very con- 
sidmbly to the friction and requires a still further addition 
to the weight to overcome that friction. I was lately able 
to take 401bs.^ ofiP a striking weight by merely removing a 
guiding pulley which had been needlessly introduced. It 
is a' matter ^f experiment what thickness of rope a given 
weight hanging by a single moveable pulley requires ; a 
good rope lialf an inch thick appears to be strong enougli 
for any weight that is ever put to such a clock ; and con- 
j gg^aently the barrels need never be more than a foot long 
in a clock of this sort, as it is not supposed to be one of 
very large size, 

138. If the striking wheel has eight pins, it must have 
eight times as many teet^ as tliere are leaves in the pinion 
of the wheel above it, in order that that wheel (which I 
oalied before the second wheel) may turn once for every 
blow that is struck (see § 98) ; and the second wheel must 
'also drive the fly jtome exact number of times in each 
revolution of its own, since in turret clocks the fly arbor is 
made to carry the pin whi^i^is stopped by the detent D 
when they have done striking, as before described, the fly 
itself being set outside the frame and having arms a foot 
and a half long or more to carry the fans, and therefore 
moving much more slowly than in house clocks, where it is 
within the frame. These arms are not rigidly fixed to the 
aibor but to a socket which turns upon the arbor, and has 
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a ratehett mi cHck 60 placed that when the eurbor is dxivm 
by the clock it carries the fly with it, but when the clock 
is stopped at the end of the striking the fly can go on 
by its own momentum/ as it could not be stopped sud- 
denly without the risk of breaking something. It is this 
motion of the fly over the ratchett-teeth which makes the 
noise like winding up that may be heard in the tower after 
a church dock has done striking. 

In the above drawing the locking-plate or count-wheel 
B L is outside the frame, and is driven by a^smaU pinion 
of 8 set on to the projecting arbor of the siriking-wheel. 
The lifting piece A G D is set on an arbor which is within the 
frame but projects through it and has the arm C B set on 
to it outside, which works into the locking plate. At P 
there is a roller whiot rolls upon the circular plate with a 
piece cut out of it fixed to the second wheel. The snail at 
A on the centre wheel raises that end of the lever, and 
therefore depresses the other end, so that the pin in the 
fly-stop slips past D and *r^ts against E when the dock 
Ogives warning/ Wlieu the snail lets the end A of the 
lever drop, the fly is set at liberty; and as the second 
wheel begins to move, the circular pl|te and roller depress 
the lever so far as to let the fly-pin dear both the stops D 
and E, and then the locking plate by means of the arm 
C B not only keeps the lever there but moves it a little 
farther in the same direction, merely for the purpose of 
taking the friction off the second wheel which moves 
quickly, and transfering it to the lockmg-plate which moves 
very slowly. In fact the roller E is not strictly necessary, 
for the locking plate alone might be employed to raise the 
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as immheA k $ 93 ; but it is safer to have it raised 
at fillet a wheel that moves so quickly that the 
pteee is sure to be out of the way before the fly has made 
one revolution. Of course the end A of the lever must be 
made a litUe heavier than the other end. 

THKEE-WHEBLED TBAINS. , 

139. I have supposed each train , to have four wheels. 
But it is evident that it will move with less friction if the 
teeth can be so prcqiortioned that there may be only three 
wheels^ Now if we assume that the centre wheel shall 
turn once in the hour, we can hardly n^ke the scape wheeb 
which is now to be the next to the centre wheel, turn in 
less than four minutes, which however can be done where 
"^t^ere is a two seconds pendulum «with a scape wheel 
having sixty pins instead of teeth in it; but it requires a 
large number of teeth in the centre wheel. In this case 
the great wheel may remain the same as before. In the 
strikbg train the second wheel is dispensed with, but a 
longer fly is required ; and if the number of pins in the 
striking wheel remains the same the great wheel will also 
remain unaltered. The locking-lever however will have to 
be altogether worked by the locking-plate, which requires 
very accurate adjustment of the nicks to make the lever 
rise and fall exactly at the ii§:h^ time, and the locking-plate 
must be large in. proportion to the length of the arm C B 
in order to raise it quickly enough. Altogether is 
tAther s critical loovement, though I have seen it answer 
very wdl in well made clocks, such as Hr. Vnlliam|’s, who 
gmeially uses it, as well as the ccurespouding going train. 
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140. But there is another way of making tliree-wheeled 
trains^ which is better on severBl accounts. Eirst of the 
going train : it is not at all necessary that the centre wheel 
should go round in an hour ; for there may be a subsidiary 
wheel (i. e. a side wheel not forming part of the train); which 
turns in the hour, and drives the dial-work ; such a wheel 
is in fact used in the train 1 hm jpt now 

described, to reverse the motion; and; m esctiji whcd of this 
sort does not cause nearly so mibck es the introduc- 
tion of another wheel and pinion hrto l&e Suppose 

we make the great whed to turfi In three hours instead of 
six or eight; as in the fiw^wMied train; iltaU; if it has 
120 teeth; and the neatt piaiou 12 phm' <w leaves; the 
second wheel will turn in IS minutes; and if that has 
108 teeth^ and the scape-wheel pinion 12 as before; the 
same penduhim and a scape^wited with SO pus only, or 
an eight feet pendulum with 40>; will do. This is tte train 
in Mr. Pent^s laige turret dockS; with oocadcmal variations 
of the numbers for particular purposes. 

The subsidiary wheel, to be worked by the great wheel, 
must be one-third of its size, so as*to turn in the hour : the 
manner of fixing this wheel I shall treat of under 'adjust- 
ing work.' But k the barrel turns in three hours instead of 
eight, it will have to make 64 turns in the eight days 
instead of 24, and so will require a much greats length, 
and if all the arbors are made of the same length as this long 
barrel, it will make the whole machinery very heavy. In 
order to get rid of this objection, what is called a double 
frame i%generally resorted to ; that is, the barrels and their 
great wheels have their back arbors in the same frame 



180 


TfJRRCT CLOCKS., 


as the rest of the wheels, but the front or winding up 
arbors in a separate frame standing some distance in front 
of the frame that carries the other wheels. By this arrange- 
ment the arbors of the other wheels can be made lighter 
even than in a clock with a short barrel. 



There is another advantage in this as regards the striking 
part, via,, that when the* great wheel turns so often as once 
in three or even four hours, the striking pins can be put on 
the great wheel itself, as it is large enough to carry the 26 
pins required for one-tliird of the twelve hours. The exact 
number is indeed immaterial except that the more pins it 
lias the fewer coils of rope it will liave to cany for the 
eight days. Now it is evident that the striking will be 
done with less waste of power when the power has not 
to be transmitted through the pinion of a secon|[ wheel, 
in which it loses considerably by friction : I shall have to 
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state afterwards the surprising extent to which this loss of 
power takes place. The wheel "next to tlie great wheel can 
ilien be made to rinse the locking lever in the same way 
as the second whe^ does in the four-wheeled train. The 
more turns the rope takes over the barrel tlie easier also it 
is to wind up. and the difference in/ moderate sized clocks 
may be such as to save the necessity of having what is 
called a jacA to wind lip -with, which is genially required 
for the strikilig part of olodcs with short except 

with small bells. 

141, This apparatus may be either feed or njcveable. 
If it is feed, as it ought to be when required at alb the end 
of the barrel opposite to the great wheel is piade into a 
toothed wheel K (in the drawing of the four wheeled train^, 
and by the side of it* is put a smaller wheel or pinion .T 
which works into it; and instead of the winding square 
being made on the arbor of the barrel, it is made on the 
arbor of this pinion, which of course gives greater powder 
ill winding the clock up, by requiring more turns of the 
key or winch to do it. The pinion is sometimes made to 
posh backward and out of gear w^th the wheel when the 
clock is not being w'ound up. The loose jack consists of 
a frame containing a wheel and pinion with the arbor of 
the pinion squared to form the^ winding square : the arbor 
of the wheel is a socket with a square hole in it which fits 
on to the barrel arbor ; so that when the jack is applied 
and made to rest on some part of the clock feme, it 
comes (except that it requires a thicker arbor as will be 
explained presently) just the same as if the wheel had been 
set on the barrel itself, and the pinion in tlie clock-£rame» 
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13i 6 going part never requires a jack wked to wind it 
up except in very large clocks : but I am not sure that it 
would not be better to apply such a wheel (1 mean of 
course a fixed one) more frsquently, even wh^e the weight 
35 not too great for a man to wind up without it ; because 
the effect of having to wind up on the barrel arbor is that 
it must be tliick enough to carry a winding square strong 
^ough not to twktj and therefore that pivot requires to be 
a good deal larger, and therefore has more friction, than 
would be ^ecessary if it had merely to carry the weight. 
The two cast iron wheels that require to be added for 
winding by a jack wheel cost very little, and the plan also 
saves something, in the construction of the barrel arbor 
and great wheel. By a little contrivance one winding 
pinion might be made to apply te all the three barrel 
wheels : indeed there is no reason why the winder itself 
should not have that pinion, instead of a pipe, set on an 
arbor, fitting into proper holes to wind up all the barrels by. 

142. Long barrels however cannot always be properly 
used; because if the rope does not hang down, but is 
carried over a fixed pulley above or at the side of the clock, 
and there is not a considerable distance from the barrel 
to the fixed pulley, the rope will not run straight enough 
off the barrel towards the^end, but obliquely as shown in 
tile last drawing, and consequently, instead of travelling 
^ along the barrel as the clock is wound up, it will turn back 
again and overlap itself ; and even if it does wind up without 
overlappings there will be so much rubbing between the 
successive coils of the rope as will soon wear it out, and 
will moreover render a heavier weight necessary. In all 
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cases where a is required^ it ought to be as far 

as it can be placed from the dock^ in order to diminish the 
obliquity of the rope as ^much as possible ; 1 should say 
that the distance ought not to "bp less than eight times the 
length of the barrel. 

Sometimes in order to avoid long barrels the rope is 
made to go twice over them; but this is a most abominable 
practice ; for the weight has of course more power when 
the rope is coiled the second time over the barrel as that is 
the same thing as making the radius of the barrel larger 
by the thickness of the rope, and so the force upon the 
clock is not uniform; and secondly, it wears out the rope 
more than anything else that can be done to it. When 
the position of the clock is such that the fixed pulleys 
cannot be as far off as ^bout eight times the length of th? 
barrels, the clockmaker should not be allowed to use long 
barrels. 

143. There are however two ways by which the advantages 
of the long barrels may be obtained without their disadvan- 
tages. The first is by using wire ropes instead of hemp 
but great care must be taken that *they are good, as there 
are some very bad ones made ; and they should be tried for 
some time beforehand with p heavier weight than they will 
have to bear, and above all by winding them up frequently, 
or they will cause constant trouble and expense after the 
clock is put up. In this way very elegant clocks can be 

• In the Windsor Castle clock Mr. VuUiamy nscd catgut ropes 
(wire ropes were not then invented) ; but they are enormously ex- 
pensive ; he was told that ’^7^000 iheep contributed their entrails to 
compose these catgut lines. 
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made, with great strength in a small compass, and with 
only three wheels in each train, and striking from the great 
wheel. A picture of one is given in the frontispiece. 

111. The second method is to put about twenty striking 
pins on one side of the great wheel and another set half 
way between them on the other side, and make them raise 
two hammers alternately: forty, or even thM%, are too 
many for one side of any but a very large uheel made in a 
particular way, which will be described presently. Mr. 
Dent, until he lately at my suggestion adopted this otlier 
method, constantly used the two hammer plan, and it 
answers very well ; and such clocks strike with much less 
waste of power, even when made in cast iroji, than the most 
lughly finished clocks with polished steel pins set on the 
second VheeL A wheel of this sort with forty pins will 
turn very nearly twice in tlie twelve hours, or thirty-one 
times in the eight days, for which a barrel of moderate 
length will be sufficient, especially as a smaller weight and 
therefore a thinner rope u iil do the work than in a train 
striking from the second wheel. 

145. Or again, cheap clocks with short barrels might 
be made mth about twenty pins on the great wheel and one 
hammer, to wind up twice a-f eek : a condition to which a 
good many clocks are practically reduced which pretend to 
be eight-day clocks, from l^eing so placed that they will not 
go full seven days. And those who can only afford to 
spend a small sum upon a church clock had much better 
have a good one made in this way than a bad one to go 
eight days. ^ 

In every clock the going part ought to go half a day 
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longer than the striking part, in order that, if it is for- 
gotten, tlie clock may proclaim by its silence that it wants 
winding up before any harm is done. 

Lastly, the reader may' be reminded that in calculating 
the teeth and pinions required for driving the hour wheel 
by the great wdieel separately from the train, the number of 
the teeth of the great wheel is immaterial ; for in that case 
tlic hour wdieel will evidently turn in the same* time as if it 
were put in tlic place of the great wheeL Suppose the 
scji})e wheel turns in m minutes and its pinion hm leaves, 
and let be the number of teeth of the wheel that drives 
it, whose pinion has leaves^ and let be the number of 

tcetli of the hour wdicel : then must = 5? . 

P1P2 m 

Suppose JO, = 8 and jOj==10 (which \vill be enoughTBf 
they arc lantern pinions, though not otherwise) and 
then if 4=24*, must = 100, and the second wheel will 

turn in ^5 minutes ; and if the number of teeth of the 
great wliecl,=144, it will turn in six hours, or will require 
only thirty-tw’^o coils of rope for eight days. In this case 
tlie hour wheel had better be made as a large lantern 
pinion. And if the great striking wheel has twenty pins 
or cams on each side raising two hammers alternately, as 
above mentioned, an eight -day clock may thus be made 
with only three w'heels in eacfiHrain, with moderate num- 
bers for the teeth, and without requiring the scape wheel 
to turn so slowdy os in four minutes, and without resorting^ 
either to long barrels or wire ropes. 

146. When the great wheel is the striking wheel, tlie 
second wheel must turn exactly one-half or one-third round 
for every stroke, and the circular plate before described in 
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the four wheeled train must have two or three pieces in- 
stead of one cut out accordingly, to let the roller on the 
locking lever fall at the proper time. .Moreover this wheel 
win turn too quickly for it to work the locking-plate by a 
wheel and pinion, as it would require at least 234f teeth on 
the locking-plate wheel. If the clock is wound up by 
a jack wheel as before described, the barrd will ride upon 
^the arbor ofc the great wheel, and that arbor may carry a 
pinion or srnail w heel to drive the locking-plate, just as 
the strikiTf^; wheel of the four wheeled train did. But 
when the weight is small enough to be wound up without 
a jack, the arbor must belong to the barrel and not to the 
wheel, and therefore cannot drive the locking-plate. In 
Aat case it must be done in one of the following ways. 

The most simple method is to' set the pinion on the 
great wheel itself; and in every case the wheel or pinion 
that drives the locking-plate, if it is set on the striking 
wheel, must have as many teeth as there are striking pins, 
assuming the locking-plate to have 78, or in the same 
proportion. 2. Although the second wheel turns too 
quickly to drive the locking-pbte by a toothed w'heel and 
pinion, yet it may do so by means of a ratchett-whecl on 
the locking-plate and two gathering pallets, (like the com- 
mon repeating movement^#i§ 90) set on the arbor of the 
second wheel: the locking-plate must also have a click set 
I over the ratchett to keep it in its place when the pallets 
are not acting. A third way is to make the barrel arbor 
hoUoW nearly up to the end which forms the winding 
square, and make the arbor of the great wheel go into it ; 
so that the barrel arbor comes through the front frame, 
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but the wheel arbor goes the back frame and carries the 
pinion that drives the locking-plate. This^ when it is well 
done, is a remarkabljneat arrangement, but it requires very 
good machinery to bore the hole truly all down the barrel 
arbor, and if it is not done truly it had better not be done 
at all, as it is sure to stick fast. These short trained clocks 
may of course be put in a frame of the same kind as the 
four wheeled one of which I gave a drawing* But they 
afford facib’ties for a more convenient arrangement, by 
setting the going and strikiB^ parts, or at least#the upper 
wheels of them, in separate small frames, which screw on 
to a large and strong horizontal frame cast all in one piece, 
which may carry the great wheel of the striking part, and 
indeed of the going part also. «. 

The clock in the frdhtispiece is an example of this kind 
of frame. The great striking wheel is carried by a large 
cast iron cock on each side, bolted to the main horizontal 
frame, the surfaces in contact being planed so as to fit 
accurately. The second wheel and the fly arbor are carried 
by a small triangular frame at each end, which screws on 
to the main frame. The locking-plate turns on a pin or 
stud set on the frame, and as there is a jack wheel to 
wind up by, the great wheel arbor comes through the front 
*cock and drives the locking-pl%t% The great wheel of the 
going part being lighter and smaller than the striking 
wheel is carried in the same triangular frame as the rest of 
the going wheels ; but the scape- wheel and the bushes of 
the second wheel are made to take out without removing 
the great wheel or taking the frame to pieces. It is not of 
much consequence whether the second wheel can be got 
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completely out, op not, fop if the bushes are removed it 
can be cleaned within the frame as well as if it was taken 
out. The scape-wheel however, and the pallet arbor, should 
be made to take out completely, without undoing the frame ; 
and for this purpose nothing is required but the bushes to 
be fixed with screws instead of rivetted in, as there is always 
room enough for the scape wheel to pass tlie second wheel. 

147. I .proceed to point out some other things which 
require to be attended to in turret clocks, in addition to 
those relating to clocks in general, mentioned in the first 
chapter. 


ESCAPEMENT. 

The scape-wheel and its arbdr, as before observed, 
should be as light as it can be made of proper strength ; 
remembering also that the fewer pins or teeth it has the 
lighter it should be made, as it h«)s to move farther at each 
beat. The pivot of the pallet arbor ought to come close 
up to the pendulum spring ; for if it does not, the force is 
communicated to the pendulum with a tendency to twist 
the crutch : no such effect will of course be visible, but the 
tendency to it produces an unnecessary friction on the 
pivot, and requires greater fthickuess and therefore weight? 
in the crutch to resist it. In the Meanwood clock the 
crutch is entirely outside the frame, straight, thin, and 
broad, and therefore as light as possible, the pivot being 
set in a cock like that of a common house clock. Some- 
times however the frame is so made that the pallets and 
crutch could not be taken out if they were set in this way; 
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and in that case the pivot should be set in a bush projecting 
as far as the pendulum springs the cratch having a bend^ 
and springing from within the frame in the usual way. It 
is to be remembered that the crutch is itsdf a pendulum 
of which all the weight is carried by the pivot holes, and a 
heavy crutch and arbor produces considerable friction, 
which, like all other friction, is variable, and moreover con- 
sumes force, diminishing the arc of the pendulum^like the^ 
dead friction on the pallets, of which the effect has been 
already explained. 0 

Tor the same reason the pivots ought to be as small as 
they can safely be made, and also with as little shake as 
will let them move freely ; and the crutch should be long 
that little may be lost by the necessary shake of the 
pendulum in the fork* Whether the crutch ends in a 
fork embracing tlie pendulum rod or a pin going into a 
hole in it, it should be made with some screw adjustment 
to put the clock in beat. And in trjiug whether a clock is 
in beat the pendulum should be allowed to move only just 
far enough to let it escape, and then the smallest deviation 
will be easily observed. It may be a convenient rule for 
unprofessional clockmakers to remember, that in all cases 
if the right hand beat [Le. tlie beat heard when the pen- 
dulum is at the right) comes iqp soon after the left hand 
one, the fork wants moving to the right with reference to 
the crutch, and vice versd. 

148. A very neat contrivance has lately been introduced 
by Mr. Dent into his turret clocks. It occasionally happens 
that if the pendulum is moved while the scape-wheel is 
standing still without any force upon it, the end of one of 
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imltets jtiBt catches the pointof atooth so that it cannot 
sMe tip the pallet^ and the momentum of a heavy pen* 
didum is then certain to %reak the tooth. In order to 
peevent this the two sides or prongs of the fork axe set 
upon springs, which tend to bring them together and keep 
them (dose to the pendtalum rod, with a stop of the proper 
thickness between them. The springs are strong enough to 
give the impulse to the pendulum, but if one of the pallets 
should be stopped, the spring on the opposite side of the fork 
gives way lets the pendulum go on. The reader may 
fancy that a single spring in the crutch would do as well; 
but it would not ; for a single spring would not have sulfi. 
cient resistance hath ways to communicate the impulse to the 
pendulum without bending; therefore there must be two 
springs, both in a state of tension* in opposite directions. 
He little frame that carries the springs screws on to the 
<mtch in the same way as a common adjustable fork. 

DIAL WORK. 

149. In turret clocks the dials and dial work are ge- 
nerally at some distance from the clock. The dial work 
consists of an arbor which carries the long hand with a 
wheel upon it, and upon tljis^rbor is the short hand socket 
with its wheel, and the two work together in the way 
before described in house clocks. These wheels are all set 
in a small separate frame fixed behind the dial, and all the 
whedb and arbors should be made of brass, as it is gene* 
rally not very easy to get at the dial work to oil it ; and 
so if made of steel the pinions are liable to rust. The 
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hxm arbot projects through ike &0nt 4s( Himmi ^wiSk n 
half universal joint, and if it is on ihe level as the 
clock, it is merely connected liith tiia hour wheel of ’Sm 
clock hy a straight ‘rod« If the dial w<nk is above ^ 
clock it must be connected by bevelled wheds, one palr»4Pt 
the clock and the other pair at the dial work, or, if thais 
are more dials than one, at some oenvenient pmnt Whai^ 
the rods converge &om the dial work of each di^ 
to the position of the clock. These vertical and horizon* 
tal leading-off rods are sometimes made of tilling, either 
iron or brass, as it is stronger than a solid rod of the saane 
weight and strong enough to resist bending by its own 
weight as well as twisting. In the same way I may 
mention tliat small iron gas*pipes with solid jrivots 
into their ends are sometimes used when cranks with long 
arbors are required for connecting the hammer with the 
wire coming up from the clock. But where the vertical 
rod is required to be long an& consequently heavy, it is 
generally better to make a wheel at the top of it rest on 
friction rollers, and then the weight of the rod has no ten- 
dency to bend it, and it only requires to be strong enough 
not to twist, for which a half inch iron rod is sufficient in 
almost any case. These friction rollers may be made in 
various ways ; on the whole the best way appears to be the 
following, which will be readily understood from the 
drawing over the page. 

The rod has a circular plate fixed to its top, and there 
is a similar plate fixed to the beam through which the rod 
passes. These plates are not quite flat, but they mh have 
a broad circular groove in th^ near their edge and me 
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grooves exac% face each other. 
Now if three or four equal balls 
cheese-shaped rollers were laid 
on the groove in the lower plate, 
and the upper platelet down upon 
them, it woidd turn with no fric- 
tion except that of the rolling of 
the balls, which would always 
keep their original distance. The revolving roof of the 
building which contains the great telescope at Cambridge 
turns upon cannon balls in this way ; and the balls run- 
ning in the grooves cause it always to turn on the same 
imaginary axis without the necessity of a real one. How- 
ever on this small scale, in order to prevent the balls from 
slipping and so getting all together, they are set upon a 
three legged axis with a hole in the middle which surrounds 
the rod ; but it has nothing to do as an axis : that is, it 
carries no weight and has no contact with the rod, and 
has merely to prevent any of the balls from not rolling on 
in case the upper plate should for a moment be lifted off 
tliat ball. Consequently the friction (so far as regards the * 
weight of the rod work) is true rolling friction, which is 
much less than tlie friction of friction wAecls of any mode- 
rate size carrying the weight upon their axes. I under- 
stand that rollers of this kind have been applied to large 
weather-cocks with long rods to work* a dial within a 
building, and tried witli heavy additional weights without 
producing any material difference in their freedom of action. 
It should be observed that the cross section of the rollers 
moat be of higher curvature than that of the grooves, so 
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tliat they may only have contact at one point, ahd not rub 
as well as roll : complete surface contact Without rubbing 
could only be obtained by coriical tollers between coifical 
plates, the points of all t!jje cones converging in tlie centre of 
the rod ; but such rollers would have a tendency to slip 
outwards, and would require greater accuracy in making 
than these ^ cheese shaped* rtdlera. 

The long vertical rod is connected with thu arbor of the 
bevelled wheel in the clock by means of a half universal 
joint ; and in fixing it in cold weather it shoul^be remem- 
bered that an iron rod thirty feet long will become of 
an inch longer with 40° of additional heat, and brass tubes 
about half as much more ; and ^lay enough must be left 
in the joint accordingly. m. 

Wliere the clock (tees not stand in the middle of the 
chamber, under the point of convergence of the dial rods, 
but near the wall, an additional pair of bevelled wheels is 
required. This might be avoided by making bevelled 
wheels of a different angle from 45°, so as to lead directly 
to the two side dials from the place where the vertical rod 
comes up ; but notliing material either in expense or fric- 
tion would be saved thereby. The bevelled wheels, espe- 
cially those which have to work several others, ought to be 
large and strong; and wlien,^g sometimes happens, their 
diameter is limited by want of room in the clock, it ought 
to be made u^in thickness, which however gives more 
friction than l&rger wheels with more teeth. 

ADJUSTING WORK. 

'U 

, Tte adjustiBg work, for setting the hands when the 

K 
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doesk wants alteriii^^ is mnnetimes very defective* 1 have 
seen a dock in a cathedrsd put up only a few years ago^ 
as f was told, by a l^ndou firm of large business, in which 
the only means of patting the dpck forward is by taking 
out the bush of one of the wheels (which is famished with 
hand-screws for the purpose) and shifting the place of the 
pinioii upon the teeth of the nest wheel. I should think 
the man who has the charge of such a clock takes very 
good care always to keep it on the gaining side, he can 
stop it for® a few minutes every now and then with in- 
finitely less trouble than he can put it forward in this 
barbarous fashion. The adjustment is generally * made 
merdy by a friction spring as in a house-dock (73). And 
Md<ere there is oxdy one* small dial this method is safe 
enough; but otherwise the spring rilust either be so strong 
that the hands cannot be altered without applying great 
force to the wheels, or else they will be liable to slip for 
want of sufficient friction or pressure of the spring* In 
large c^ks therefore a better way of making the adjust- 
ment is by what may be called a square ratchett, i.e. one 
which wants the click lifting by hand to enable it to pass 
either way, each division corresponding exactly to one or 
two minutes ; or by damping screws. 

When there is no houi^ wheel in the train this ratchett 
is sometimes set on the great wheel urbor, turning in three 
hours suppose, and with a large bevelled '^ed attached to 
it, which drives the first leading off bevelled whed, of one 
third its size and number of teeth. This has one advantage, 
viz ; that the friction of a subsidiary hour-wheel is 
Abided ; which however is much less than if it were m 
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additional wheel and pinion in the train : the large bevelled 
wheel also carries three pins instead of one, to let oflF the 
striking part. But it has several disadvantages : first, the 
small bevelled wheel is necessarily of small dimensions; 
since even the large one, which is three times the size, 
must be made smaller that the great wheel itself, or it 
could not be got into the frame : secondly, the discharg- 
ing pins cannot be relied on to let off the striking part 
correctly within several seconds in this way : thirdly, when 
the leading off is wanted in any but a verfical direc- 
tion, "the arrangement becomes dimsy and inconvenient ; 
fourthly, the ratchett- wheel, bevelled wheel, and pins add 
nearly two inches to the length of aU the arbors; and 
fifthly, in some positions of the wheel the adjusting click 
cannot be got hold of without great difficiiliy. I think 
any of the following methods are better, and some of them 
may be easily adopted in any clock, according to circum- 
stances. 

When the hour-wheel is not in the train it be a 
thick wheel of the proper size to be driven by the great 
wheel according to its velocity. It is not fixed to its arbor, 
bnt ridesr upon it close to a plain or blank wheel, which is 
fixed to the arbor, as are the discharging snail and the first 
Jeading off wheel, if afly are re^iAed. If the dial is a small 
one the hour-wheel and the blank-wheel may be connected 
by a friction spring as usual ; otheonnse the connection may 
be made, either by one or two clamping screws, or by a pin 
whioh goes through a hole in the hour-wh^ and into any one 
of sixty or thirty holes in the blank wheel, being kept in its 
{dace by a spring, and having a projecting handle by which 

KS 
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it cam be pulled oiit and the relative position of the two 
wheels shifted through a space corresponding to one or two 
minutes. Another way, perhaps still more simple, of 
malring the adjustment by a definite quantity, would be to 
make the hour-wheel, instead of riding or turning on its 
arborj to slide npon it by means of a square, or what is 
called a hey ; when you Vant to alter the clock you would 
only have to shde the hour-wheel out of gear with the 
great wheel and slide it in again with different teeth in 
contact, an<jf it might be kept in its place either by a pin 
or a spiral spring of wire round the arbor. Where the 
clock has a train remontoire, which may itself require 
adjusting, as described in § 177, clamping screws must be 
ul8d ; because altering the remontoire by any less quantity 
than the twenty or thirty seconds at which it lets off would 
make the hands point wrong, if they could not be altered 
by as small a quantity as the scape-wheel. Where either 
of the other methods is adopted, so that the hands cannot 
be alteitd by less than a minute, the smaller adjustments 
must be made by stopping the scape-wheel for the requisite 
number of seconds ; and on this point I shall have to make 
tome further remarks in § 187. 

SIZE OE DIALS.’ 

I 

151. The size and strength required for the going part 
of a clock depends eiftirely npon the nmahet, size^ and 
sito^Cion of the dials; though there seems to be a notion 
among clockmakers that the going part and the striking 
part ought to correspond in size^ and I hare seen a clock 
without any dials^ in which the going train was heavy 
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enough to work four dials 10 feet wide- 'piey ought to 
be treated*quite distinctly; though of course it will fre- 
quently happen that where there are large dials there will 
be a large bell also. The 'more lunis in the week the great 
wheel makes, the less strength and size it obviously re- 
quires ; and in all cases broadness of the teeth, ue, tliickncss 
of the wheels, should be look^ to rather than depth of the* 
rim, as broad teeth cut the pinions less tlian yarrow ones*. 

The size of tlie intended clock dials is a matter wliicli 
church architects frequently pay no attention ^ until it is 
too late, or do not understand. ^ Mr. VuUiamy states in liis 
pamplJet the sizes of several well* known public dials in 


London : 

St, Martin^s-in-thc-rields - i - 8 ft. 

St. Jameses, Piccadilly - - - 10 ft. 

Isliiiglon church - - - - 9 ft. 

The clock on the Queen^s Stables - 6 ft. 10 in. 

St. Paulas 17 ft. 

Horse Guards - - - - 7 ft. 5 in. 

To which I add from other informatiom 

*T)IAllETKa. HEIGH r. 

St. Luke^s, Chelsea* - 6 ft. 10 in. 72 ft. 

Bow Church - - - 9 ft, 70 f1. 

Marylebone Church - 7 ft. about 60 ft. 

Iloyal Exchang® - . * 9 ft. 90 ft. 

♦ 


• As a proof of the refiaace to be placed on architects in these 
matter^ 1 ha^e seen a loiter from an architect of some reputation, 
stating as a justification for the dials which he had prepared, and 
which the cloci^jjpaker objected to, that the first two dials in this list, 
and that of theflorse Guards, were only 5^ feet in diameter: which 
his employers had of course believed. 
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And the great clock at Westminster is intended to l^sve disk 
2S feet wide« at the height of about ftSO feet. 

result evidently is^ that u|desa all the above 
dials are too la^ge^ which anybody may see they are not^ 
dials ought to be so placed that they can be about a 
foot in width for every ten feet from the ground ; though 
this is not sufficient for heights under 50 feet. Any one 
who looks at dials of less than this proportion^ such as 
8t. Paneras^ 6 ft. 6 in. at a height of about 100 ft.^ or the 
dial on the«church in Chester Square^ which is a little more 
than 4 feet, and at a veryi moderate height, will see a fur- 
ther proof of the necessity, not only of making the dials 
large enough according to the above ifile, but of placing 
tliem where they can’be made large enough for their own 
height, without being too large fof the surrounding parts 
of the building. The consequence of not attending to 
this is that the tower is defaced, and its ^ details^ over- 
whelmed, by what appears at a little distance only a great 
black spot, too large for the building and too small for the 
clock. Ilf is hopeless to make a clock face an archi- 
tectural ornament ; at least every attempt that I have seen 
of that sort in a gothic building has been a most wretched 
failure, both in architectural beauty and h^logical dis- 
tinctness, The best thing that can be ^one is to put the 
dials on some plain flat surf|Ge large enough for the pur- 
pose ; aujd if such a place i» not ^vided at first, it is ten 
» to one that a clock-face will some day be substituted fiur 
%e traosry of a window (as three illuminated dials have 
been in the heads of the windows of the fi^e tower ot SL 
Mary's at Beverley), or built round the bottom of the 
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spire^ projedin^ ^like tjbe eyeti of a great ood-fish^^ as I 
heard remarked hf a epeotator of three dials stuck round 
the spire of a small country Ghurch hy the architect just 
now alluded to, 

162. The material of the dial may be stone, slate, 
copper, or iron. If the dial is made of«6tone it should 
have the part within the figulfes, in which the short hand 
traverses, cut out or countersunk to the deptb of an inch 
and a half, in order that the long hand may lie closer to 
the figures, for the sake of avoiding fo/raUasi js much as 
possible. The effect of parallax is that when the hand is 
in any position except •nearly vertical, the line of vision 
from the eye of the spectator to the hand of the clock does 
not fall on the place to*which the hand is really pointing, 
but somewhere above if, depending on the distance of the 
hand from the face and of the height of the clock above 
the spectator. The same may be done with slate dials; 
but they are more expensive to cut than stone. Stone 
dials should be painted all over, black for gilt hands, or 
white for black hands, like one of the Horse Ghouuds dials. 
Slate may also be painted, though it will keep a tolerably 
dark colour without painting, especially if it be occasionally 
oiled. For large dials the slate will have to be in two 
pieces. The figur^ and minq^marks are better cut than 
merely painled and gilt on the flat surface, as their place 
is then fixed once for all : otherwise they are not unlikely 
to be * ihcorreijtly divided in subsequent painting. In 
copper dials this cannot be done, nor the countersinking of 
the middle of the dial, without great additional expense ; 
and the dial is also obliged to be made convex in order to 
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presenr^ its shape : the convexity should liowever be as 
little as possible, as it either increases the parallax or re- 
quires the long hand to be bent to come nearer the minute 
marks, which has a bad appewahee : an inch in 5 feet seems 
to be enough convexity. 

I am not aware that there is any objection to cast-iron 
dials, provided they are kojft well painted ; and they are 
cheaper than* copper. They have also the advantage of re- 
quiting no convexity, and the centre can be cast 'counter- 
sunk. I hare st^en the figures and minute marks made pro- 
jec ing, which however does not look well, and is objection- 
able, as the hand may be blown against^them. They are better 
countersunk a little, for the reason I gave just now ; and I 
observe that the countersinking should not be Bgnare, 
so as to leave corners in which tlife wet will lodge, but a 
curved hollow like the fluting of a pillar. Bound dials 
always . look better than square ones with the spandrils 
filled up with some attempt at decjoration : a dial is from 
its nature necessarily a round tlung, and it has no busi- 
ness to pretend to be a square one; even arches set in 
square heads only belong to the worst style of gothic archi- 
tecture, and round windows belong to the best stjle. But 
dials should not be set deep in the wall, like windows, or 
the rain will not wash tlieuj. «. 

ILLUMINATED DIALS. 

158. Illuminated dials are made of an iron frame work 
or skeleton, in the form of a ring, consisting' of tlie figures 
and minutes and the three rims which bound them. The 
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middle of the dial must be oue piece of ground plate glaat^ 
for any division in it would cast a shadow *$£id be mistaken 
for the hands. Glass is also put behind or^ between the 
figures. Several g^-bumers ore put behind the disd^ and 
the cocks of the burners are connected by levers with the 
dial work, so that the clock itself turns the gas nearly oft* 
(but not so far as to put it out) when the day dawns, and 
toms it full on when it becomes dark. Tbis^is adapted to 
tlie difiPerent lengths of the day by pins which are screwed 
in from time to time by the person who has th^ care of the 
clock ; though of course by the addition of more compli- 
cated machinery the regulation of- the ^ gas-movement^ fbr 
tlie length of the day might be made self-acting. 

Another way of illuminating a dial, and a much beUer 
one, when the building admits of it, is that which is used 
for the Horse Guards clock ; on which a strong light is 
Uirown from a lamp, with a reflector, placed on the pro- 
jecting roof in front of the dock tower. 

SIZE OF FIGHEES. 

154. In nearly all public dials the figures are made tbo 
large ; for the larger^they are, the more they contract tlie 
really useful part of the dial j h wiE be seen that in most 
public dials the figures nearly touch each at their inner 
circumference; and consequently that part of the long 
hand which is^ over the figures cannot be distinguished at 
all at a moderate distance, and the dial might ^ well be 
only two-thirds of its actual size. Nobody wants to read 
the figures ; twelve large spots would do just as well,— and . 
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Ibettor^ for ihm the long hand could be more clearly aMi 
between them. The fignres ought not in any caae to 
be larger th^ a quarter of the radiue of the dial; and 
they ought to be rather narrow, or their different atrokea 
close together, so as to keep the Yll and Ylll and the 
other wide figures visibly apart from each other. It may 
be as well to inform those who have not seen it tried, 
that it has a bad effect to make the figures narrower at 
their inner circumference than at the outer, as if the strokes 
were formed by radii of the dial ; and this is a further 
reason why the figures should be small. The five-minute 
nAka should be a good deal larger than the other minute 
marks, or it is not easy to distinguish which minute belongs 
to^he figures that consist of several strokes. 

156. Both the hands should be broad; and the short 
hand only should have a ieari or a broad part a little way 
from its point, and the point of it ought to be entirely 
within the figure^ and not half covering them as it some- 
times does : the long hand should be straight, plain, and 
ending in a point, like a •straight sword, just half way 
over the miuute marks. These directions may seem need- 
lessly particular ; but the object of clock faces is to show 
the time distinctly as &r as possible; and any one who 
will compare the few in which these things are attended to 
with the many in which they are not (indeed I hardly 
know any in which tliey nre all attended to) will see that 
the attention is not thrown away; and as it costs no more 
to make figures and hands in this way than in the com* 
mon way, there is no excuse for not doing it, unless some 
other way really better can be found. The material of the 
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hands is almost always copper^ gilt^ and stifiened at the 
hack for some distance with a rib of brass. Iron would be 
lighter for the same strength^ and when adnced or ^gal* 
Tanked^ before gilding there appears to be no reason why 
it should nol answer as well as copper : indeed it is pro^ 
posed to make the hmids for the great Westmins|pr dock 
in this way. * 

156. There is some difference of opinion whether the 
hands should be counterpoised extmmally or internally; 
for one or the oflier they must be on account of their great 
weight. If they are counterpoised internally, the force of 
the wind is not counterpoised at all, and it tends to b&d 
the hand and drive it against the dial, or, if the hand is 
strong enough to resist that, to bend the arbor which 
carries it ; whereas if 4t is counterpoised outside, the pres*^ 
sure of the wind against one arm of the lever is balanced 
by that against the other, and there is no lateral pressure 
on the arbor. And in like manner when the wind tends to 
turn the hand in one direction it will tend to turn the 
counterpoise in the other direction, and so there will be no 
strain on the teeth of the wheels, ^hich in large dials, with 
the leading off or dial wheels not strong enough, has been 
known to break them. The objection to an external coun- 
terpoise for the long hand jliat if it is gilt it will be 
mistaken for one of the hands, and if it is black like the 
face it will partially hide the hour-hand for about two 
minutes in every hour. My own opinion is, though it is 
contrary to the modem practice (which has perhaps been 
adopted by clockmakers to guard against the propensity of 
painters and gilders to gild the counterpoise), that the 
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partial hiding of the sliort«hand for a minute or two is of 
far leas consequenoe than the pressure upon the arbors and 
upon tSe ttain the clock, which is caused by the want 
of an external counterpoise, whenever there is a high wind ; 
and I should accordingly (especially where the dial is higli 
and lar^) have a black external counterpoise to the long 
* hand, Mith its broad part (which* it requires to make uj) 
for the want of length) falling just within the inner rim of 
the figures, and therefore just beyond the heart of the 
short-hand. .The black counterpoise of the short-hand will 
of course cover nothing but the black face. There ought 
however to be set on each of the dial rods inside, a longish 
arm in the same way as an internal counterpoise, to enable 
a person fixing the dial work to know the position of the 
hands outside. It is not uncommorf’ to see three or four 
dials on a tower all showing different time, or to hear the 
clock strike when the piinute^hand is not pointing to 
the 60th minute. When internal counterpoises are used, 
the arms which carry them should be as long as the space 
will allow, because the shorter the arm is which carries the 
, weight the heavier the weight must be, and the greater the 
constant pressure on the arbors and sockets. 

MAINTAINING POWER POE WINDING UP. 

157. As turret clocks take longer time to wind up tlian 
house clocks, they stiU more require some maintaining 
power to keep them going during that time. In the best 
docks Hamson^s going ratchett (72) is used; but care 
must be taken that the spring has play enough to keep the 



BOCT AND BHtm'BR. 


205 


train going with proper force the whole time of winding. 
In docks of moderate size the spring may very con- 
veniently be made merely of steel wire, tapped m coils 
with about Jth of an inch intw^d between riiem, round a 
rod bent into in a circular arc, of which one end is fixed 
to a spoke of the great wheel and the other €®d runs 
tlirough a socket screwed to a spoke of the ratchett wheel, 
so that the spiral spring is compressed between the two, 
being kept in its place by the circular rod run through it. 
In very large clocks however it is difficult io get force 
enough with springs of this kind, and therefore they must 
be of the shape drawn in § 72; and in all cases there 
should be two springs on opposite spokes, both for greater 
security and because you can get more play with two than 
with one of twice the Strength. 

158. But there is a more common and mucJi cheaper 
kind of maintaining power for turret clocks, w^liich goes by 
the name of the doll and shutter ; in which a weight at the 
end of a lever is made to drive one of the wheels in the 
train for a few minutes. The drawing at p. 209, though it 
is not intended to represent the common construction, %iU 
serve to explain it. The lever A B C D carrying a weight 
at its end turns on an arbor A, and at B there is a bolt or 
click (shown as a fixed bolt^i^ the drawing), which will 
allow the lever to be raised, but not to fall again without 
turning the great w^heel with it. This Jbolt is more com- 
monly made to slide in a socket, like the spring bolt of a 
door ; but this is a bad plan, as it is very liable to stick, 
and then the clock is left without any maintaining power. 
On the long arm of the lever there is placed a cap or 
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ebuttet (different from that shown in the drawing) which 
covers the winding square 0 when the lever is down or not 
in action ; and therefore the man has to rake the lever and 
shutter out of the way^ before he can ^ut the winder on. 
The bolt is generally made to act on the centre wheel be- 
cause that requires a less weight ; but where the dial work is 
driven independently by the greal wheel, as in § 150, this 
is objectionable, because it causes the centre wheel pinion 
to act backwards : if it is inconvenient to apply it to the 
great wheel^it would in this case hp better to apply it to 
the hour-wheel which is driven by the great wheel. And 
in any case it is to be remembered that the maintaining 
power only acts until it has run the bolt out of gear, and 
drqps on to the stop G, or some convenient part of the 
dock frame, and it will of course rfin itself sooner out of 
a wheel that turns in an hour, and still more out of one 
that turns in about twenty minutes, than it will out of the 
great wheel. It might indeed be made to act longer by 
setting the lever upon an arbor concentric with that of the 
wheel or nearly so, and making the chck throw itself out 
by Coming against a pin in the frame when it had got low 
aiough; but the more simple and safer way'is to make it 
act on the great wheel as the dock weight does. 

But the great defect pf, all the common methods of 
oonstruoting the bolt and shutter is that you have no se- 
curity for the leve; being raised for enough to keep it in 
action during the whole time of winding up, especially if 
the man loiters over it, as he is verylikdy to do in winding 
a large dock with a heavy weight. There is also a smaller 
defect of just the opposite kind, viz : that the maintaining 
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power generallj zenmiiis in action for some time after tbo 
winding is done, and so there is a double force on the 
dock. This does not happen with a spring going barrel $ 
and though that may also theoretically run itself down if 
the man is too long winding, yet practically it can hardly 
happen, because if he stops to rest he will of course let 
the weight go off his own hands on to the dock, which 
will at once restore the tension of the spring; and he will 
begin winding again with the same maintaining power as 
at first. Indeed in a .dock that takes several minutes to 
wind and has a^spring going barrd, it is better to direct 
the man always to stop and leave hold of the winder in 
the middle of the winding. 

But, on the other hand, it is impossible to make^he 
spring act with equaJh force during the whole time. In 
docks of the common construction this is of veiy little 
cons^uence, for the spring is only required just to keep 
the scape-wheel going, as a heavy pendulum will go fmr 
many minutes without any sensible variation, even if it 
receives no impulse at all from the scape-whed. But in a 
clock with a remontoire in the train, which always requares 
a certain amount of force to lift or wind it up, it is evident, 
that if the spring is to be strong enough to do it when it 
is nearly run down, it must much more strongly than 
is necessary at first ; and the Imager the clock, or the longer 
it takes to wind up, the greater must be the excess of force 
to be left constautly on the dock train, in order to bring 
the spring to the requisite tension; which, though it will 
not reach the escapement, being intercepted by the remon* 
toire, is of course a defect, and hdps to wear out the dock; 
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and thar^ore the spring«going barrel k not so well adapted 
for a remontoire clock as some kind ol maintaimng poiprer 
which acts by "gravity, and bo is pretty nearly constant* 
life* Airy's going-barrel* which will be described in § 160 
effects this object; but it so amnnously increases the ex- 
pense and trouble of making the clock, and is so unfit to 
leave in the hands of any but skilful persons afterwards, 
that it is impossible that it can ever be generally used. 1 
have therefore attempted to contrive an improved bolt and 
shutter, wlii^h shall be capable of acting for a much longer 
time than can possibly be required for winding, and yet 
can be thrown out of gear as soon as the winding is done 
(which the common bolt and shutter cannot, without open- 
ingithe clock-case), with a provision to secure its being so 
thrown out ; and which will also hafre the more important 
advantage of rendering it absolutely impossible to begin 
winding without previously raising tlie lever to the full 
height it^is intended to go. All this can be done^by a 
very simple addition to tlie common bolt and shutter, and 
in a manner wliich superseflcs the necessity for any sliding 
bolt or click. ^ 

159. The bolt B is now, as it appears in the drawing, 
merely a fixed tooth on a short arm of the lever, and it is 
put into or out of gear with tfie great wheel, by sliding the 
arbor A backwards or forwards in its pivot holes. The 
shutter CE is no longer a cap covering the winding square 
when it is down, but a circular arc, whose centre is A, 
and which comes dose up to the winding square, so that 
when the arbor A is pulled forwards, or out of gear with 
the wheel, you cannot get the key or winder on* And 
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in order to prevent the lever from being merely pushed 
back, without being properly raised, its end D, or anotfaer 
arm projecting from it In any^ convenient place, rests, when 
the lever is out of gear, in front of the stop F (which will 
be further described presently), so that before you can push 
the lever back, you must lift it over the top of F,%nd then 
push it back, and so into gear; after thft you can put the 
winder on, and as tlie clock goes on the lever falls, and the 
end of it descends heMnd the stop as shewi% in the side 
view of /¥ G. Now P/’is a kind of flap or valve turning 
on a hinge at and it will be seen, on looking at tlie side 
view of it, that you can, wheUiygu have done winding, pull 
the lever D forward, with its arbor, which will pull the flap 
forward ; and flicn the bolt being out ^ gear, you wilt let 
the lever drop in front of P on to the block G below it, and 
tlie flap immediately falls back, so that you cannot get the 
lever back again by the w^ay it came out, but it must go over 
the top of P, as at first, when you want to wind up again. 
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31ie leader may be iiiqiiiriag, what wiU ha{^ea if the 
maa4imiistopaUthe]eT«rcmt<if gear: tie doei 
in five or tea ndantea, aa the krer will hold it fiiet. %faiis 
is BO deme on poipcac^ for it he^eecy easily woidei 
hy Bt al rin g the b<^ « oiick, ae befii»ei Imt then ftla 
woidd have ao secuiity for tiie lever Wng piopeidy thrown 
out ^3i gear whim the winding is donB» and bmg left in 
nch a position that the man omnot begin winding the 
next time withont xaisiBg it. I had originaliy deagned it 
with a sdf^^cting inclined plane belnnd f, to throw the 
lever out of gear as it descends ; bat, on the whole, 1 am 
aatisfied that it is better to omit that provision, as it would 
encourage carelessness in the man Who winds; for hewoiild 
jn;gbably never take the trouble to pull the lever out of 
gear, if he knew it would do so itself in a few minutes, 
and consequently he would always leave the clock with the 
double force on ; which he would take care not to do if he 
knew tl4 clock would immediately report his negligence by 
stopping. It is libvioaa that this apparatus can be applied 
W easily to any other wheel as the great wheel, though, for 
the reasons I have mentioned, I prefer that wheel. Where 
the going part winds np by a jack^wheel, as I have recom> 
mmided (141) for large dionbs even when not absolutely 
necessary, the shutter C D ^njght be put merely behind that 
whed, so as to prevent it being pushed back without first 
raising the lever ; qpd tiien pulling the Wer out of gear 
would, at llie same time, throw out the jack-wheel, and is 
no more trouble than doing that alone, as is done in the 
apparatus which I must now describe. 
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1^. GHus maintaining pover t^as origiiidly invented 
for tile great equatoreal-te}eseope>dnving dock at Gam* 
bridge, irhidi has a revolving pendulnm (16), and there- 
fore will not bear even tiie momentary distntbance of pniting 
on and taking off an ordinary bolt ani diuttei; tiioi^h the 
force is very nearly uniform when it is on. It is {^[qfilied to 
the Exchange clock, and is intended by Mr. Ajfy to be ap- 
plied to the great dock at Westminster. 

The consiaroction 
of it is cnrions, and 
will requite some 
attention to under- 
stand the principle 
of its action. The 
barrd arbor C is not 
set in the clock 
frame, bul^ in a 
swinging &ame, of 
which one side is 
CAD, and which 
turns on pivots of its own ^^t an arbor going through 
the frame) at A, and is k^t balanced between the weij^t 
H which is hung to it as shown in the drawing, and the dodc 
weight W with the weight of the barrd and its wheeb, as fol- 
lows. The pivots A are so placed that G A the radius of 
the barrd. The reason why the sides of the fr»me are not 
straight will be explained afterwards : d is the point where 
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}t would hang> if the sides were straight^ or where C A 
produced meets M D produced. At B is the pimou of the 
centre wheel. Now, since tlie clock weight W hangs by a 
line paissing through A, we may suppose the i^hjole as a rigid 
system {there being a proper contrivauee to make it do so) 
to turn round A for a short time, and we shall then liave 

^ AS ^ xiiyon the pinion B ; but this is 

diminished by llie weight gf the barrel and its wheels, 
which we may call N ; and their centre of gravity being C, 

f 

they will produce a force on B the other way = N ^ . If 
therefore we suppose for convenience A to be made = A C, 
the force upon B when the system all turns round A will 
be^(M— And we want this to be equal to the 

force exerted by the weight W Vheu the barrel and 

.AC 

wheel turn round C as the fixed point, which is W ; 
tlierefore, in order to find what the weight M must be, we 

M— N W A U 

have the equation 

Suppose, for example, that N = 1 ewt., W= 2 cwt., 
and the diameter of barrel is half that of tlie wheel, 

then M will have to be 4 cwt. The way in 

which the machine is oil made to turn round ifwliile wind- 
ing up, or while the weight W is taken off the clock, is 
tJiis : there is a click K fixed to the frame C A D at A, and 
working in an internal ratehett of the great wheel, of which 
a few teeth are sliowu in the drawing ; the common barrel 
ratehett H being iked to the great wdieel. 

The dock is wound up by a jack wheel G, working into 
a wheel set on the end of the barrel as in other large clocks; 
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the jack wheel arbor is placed on a level with C A, and 
therefore the point of contact A of the two wheels may be 
considered a fixed .point, and the whole system is still 
balanced upon it while Vinding. The atm AD is made 
oblique, in order that if the equilibrium between M and W 
should be deranged by the fnction of the puUeyh or other 
causes, it may speedily restore itself, a small motion of the 
point D causing a sufiiciently large alteration of the length 
of Arf, or of the moment of M. Ad?; whereas if CAD were a 
straight line, this moment would not be sufficiently changed 
until the frame had moved through a large angle, and pro- 
bably run itself out of gear altogether. It will now be 
ea^y understood that 4his machine must be exceedingly 
expensive and troublesome to make and fix ; though Ahe 
mere elevation or section of it in this drawing gives no idea 
of the additions and alterations wliich it renders necessary 
in the clock frame and the rest of the train. And rafter all, 
however useful it may be for a clock with a revolving pen- 
duhim, it does no more for a dock with a vibrating pendu- 
lum, and especially one with a remontoire, than a common 
bolt and shutter, which does not cost one fiftieth part as 
much as this did in the Exchlmge clock, provided only you 
can make Sure of its being properly applied ; which, • as 
I have shown, may be done var^ easily and cheaply. 

STRIKING PART. 

161. The striking part of a church clock is much the 
same as that of a house dock, except in the position of the 
hammer, and its acting by its own wdght instead by a 
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of the bell is so curred^ that a tangent to it would make an 
ang^e of about 96^ with a horizontal plane ; and therefore 
the axis C of the hammer must be so placed that C B will 
form that angle with the horizon. As in house clocks the 
hammer is prevented &Gp jarring on the bell by a spring as 
shown in the drawing. 

Now it is evident that a hammer resting in this position^ 
and rising in a circular arc, requires more force to raise it 
at the beginning than at the end of its motion. But as 
striking pins of the common construction must begin to act 
at some distance from the end of the lever which they raise, 
their force is Im at the beginning than the end of the 
motion, and so a good deal of the force of the clock is 
wasted, and the hammer is not raised nearly so high as it 
might be if the action were uniform. As the ham* 
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mer, we nuy remove this ineqnBlitjr in a great Igr 

putting it (HI a bng riiaidc, as it will then rise a jpven 
height with less angular or drcmlar motion, and con* 
seqnentlj with less waete of poww in the htdh which. niMis 
it, and it wiQ aW faU with less fnetion Its ptvotB^and 
therefore greater velocitjr. And as regards ^ «t#3jrg 
pins, we must make them of such a iduqpe tib^at thi^ do not 
begin to act at some distance from, bid: at ^ sod 
lever : that is to saj, they must be of the lonn eaUad 
or cam, d wliich the curve is to be determine^ V eatctda- 
tion or experiment, so that the lever may alwiya net only 
upon its end, and witlf a sliding mid not a sentping |^ction 
between the two surfaces. 

162. Now raising a lever by cam, ta ecgt, or tei^pON^ is 
a different thing from^^ving a wheel, though it may 
appear to be the same thing ; and I may as well warn any 
reader of the common translatioB of 'Camus on the teeth of 
wheels,’ that the rule for the construction dl cams given in 
the Introduction (which is not Camus’s) is entiiely wrong, 
from overlooking this difference ; it would be right if the 
end of the lever were a round pin. ^ loheeh, when a tooth 
of the 'driver’ has driven h tooth of the ‘follower’’ to a 
certain distance, they leave each other, and the motion is 
t^en up by another pair of teet^ ; and when the two teeth 
part company, the end of the driving tooth is pressing 
against the side of the driven one, and not at its end, as the 
teeth C, e, in the drawing at p. 1S8 ; whereas a cam raising 
a lever must finirii with the point of the cam at the end (ff 
’the lever. Hierefore the curve of the cam must, firstly, be 
such that it will remain acting vapoa the end of the lever aU 
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the tme, instead of beginning at the end^ and then going 
farther up, as in a wheel, and then sliding back again ; and 
secondly, witli a view to diminishing t}ie friction, the curve 
must allow the end of the lever to move upon \i an u 
iangerU through the whole motion; and in that case, if 
tlie lever wears at all, it must still wear itself as a tangent, 
and will therefore never change its proper form, if the end 
of the lever is made’a circular arc round the centre on which 
it turns. 

163. Tlii curve which would do this accurately is called 
in mathematical language a tractrix, because of the mode in 
whicl||(thex)retically speaking) it caif be described. Prac- 
tically however that method cannot be math' to ansMcr; 
neither is there any other convenient way of describing 
it, as far as I know. But it luckilJT happeiiij that a curve of 
the same nature as that which is required for teeth is suffi- 
ciently accurate for any such angle as a hammer lever has to 
move through, though it would not do for large angles.* It 
will be found by any one who makes the calcidation, that 
there will be no appreciable error, for angles up to about 30*^, 
if ^ be the length of the lever or tangent, a the radius of the 
circle upon which the cams a/e to be set, and r the radius 

f 

• 

• I may remark that this curve does fiot raise the hammer with 
quite uniform velocity, but nhlicr more quickly at the beginning. 
The difference however is very small, and is of no consequence ; for 
as the train always has a little run before it begins raising the ham- 
mer, it has more momentum at first. In fact, a clock made in 
the common way will often not be able to start itself, if the wheels 
are so placed that the lever is left just resting on a pin when it has 
done striking) for want of the momentum acquired by the run previ- 
ously to encoontering the resistaace of the hammer. 
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of the circle which is to generate the epicycloid by rolling 
on the circle of rad. and r is detenninad from the equa- 
tion, ^ T'^s/a^ 

For example, suppose jf = 4 inches, and a = 8, then r 
will be *9 inch, or rather less than a quarts of the length 
of the lever ; and it wiQ not be much affected by changing 
the value of a to a moderate extent. These are the sizes of 
a andll^ in a large dock which Mr. Dent has lately made for 
Tavistock church, in which this construction was adopted. 
There are 24 cams on the wheel of the hour^part, and 36 
on each side of the great wheel for the quarters. The hour 
bell weighs 30 cwt. ; and though the wheel these 
cams on it is of cast iron, and their surfaces are not polished 
as pins always are, the striking weight is only 2 cwt,,i>with 
a fall of about 60 feetj which every clockmaker will recog- 
^nize as much less than usual for eight-day clocks striking 
on much smaller bells. This arises partly from the shape 
of the cams, and the short ran of the lever upon them, and 
partly from their being on the great wheel instead of the 
second wheel, and in some degree also from the cams acting 
on the lever on the same side of its axis as the hammer 
wire, bring what is called a lever of the third order; for 
in that case the pressure on the axis, which produces the 
friction, is only the differma Jjetween the pressure caused 
by the weight of the hammer, and that of the cams, instead 
of being the svm of those pressures, as it is when the clock 
and the hammer are both pulling upwards at opposite ends 
of the lever. 

164. The striking part 6f the Tavistock clock, that is, 
the same patterns of the wheds, is adopted also in the Mean- 

L 
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wood dock, which ha^ a bell of only 1 1 cwt. It may be 
supposed that the same wheel cannot be right for a bell of 
11 cwt. and one of 80 cwt. Perhaps if it had been neceat 
sary to make a new pattern, it might have been made of 
15 inches diameter instead of 18, but certainly not less, or 
it would have made the spaces for the cams inconveniently 
small. And the extra size and weight are of no conse* 
quenoe in the^ first wheel of the train, especially as ttr rope 
pulls upwards. The result is that by adopting this ar- 
rangement o{ the cams and a cast iron wheel, one pattern 
win serve to produce wheels fit for a bell of 11 cwt., and 
also a^reat deal stronger than the old-fashioned wheel 
which raises the hammer of great Tom of Lincoln. As I 
beligve this kind of wheel is new I have given a separate 
drawing of it, showing a few of thtf cams, and the lever. 
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But althouj^ the exact value of a in the above equation 
is immaterial tot the purpose of determining the shape of the 
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epic]rcloidal cains^ we have doll to find out at what depth 
the cams must be placed^ so that their points may just come 
up to the bottom o£ the teeth of the wheel, which must be the 
boundary of the cams. For this purpose cut out in tin or 
paper a pattern of one of the cams of greater length than 
will be required, and also cut on the tin an edge represent- 
ing a t^gent &om the bottom of the cam, which will be a 
radius of the great wheel, and prolong it to a point T at 

the distance t from the bottom of the cam : and cut out 

f 

also on the same piece of tin an arc of the circle which 
will be described by the lever t round T (leaving a piece 
of the tin at the junction of the cam and of the arc suffi- 
cient to hold it together). Then draw on a board a circle 
about ^th of an inch larger than the bounding circle and 
divide it according to the number of the ca^s. Take the 
tin pattern and dUde it about on the board, taking care 
always to keep the edge which represents the radius of the 
wheel in a radial position, until you see that a portion of 
the cam and of the lever-arc is just included in one di- 
vision of the large circle. • 

The place where the point T falls on the board will then 
give the exact distance of the centre of the lever arbor 
&om the centre of the whed : and another circle drawn 
on the board of the exact size of^the bounding cirde will 
cut the pohits of the cams at the proper place ; and their 
backs should be cut away in circular arcs drawn with a 
radius a little longer than t, Gdie reason why the first 
cirde was drawn on the board rather larger than the actual 
bounding circle was to allow the lever to fall off one cam 
a little i^ore the next is ready to receive it. And it must 
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be remembered that the length of the lever must not be 
altered from the length t, nor the position of its centre 
altered from that determined as above'; and the face of the 
lever must be in the straight line or plane joining the 
centres of the wheel arbor and tlie lever arbor^ If any 
more space is required to clear the lever in its fall, it must 
be taken off the back of the cams, and not off the end of 
the lever, as it is very tempting to do, or they will no 
longer work together without scraping; in fact the lever 
had better be too long than too short ; and the end of the 
lever should be an arc of a circle described round the cen- 
tre of its arbor, as it \^ill then always keep the same length 
as it wears. 

' Even if epi cycloidal cams are^not used, neither small 
pins nor relief should be used ; but the pins should be 
cylinders large enough for their action to begin as 
near the end of the lever as may be, and half the cy- 
linder should be cut away (sts indeed every letting -off pin 
should be) to let the lever drop suddenly as soon as it 
has reached its highest point; which rollers prevent, 
causing the drop to begin slowly, whereby part of the rise, 
and the power of the clock, is wasted. The acting face of 
the lever should be not less th^ htlf an inch broad f(jr a 
large clock, for the same fkSson that broad teeth are better 
than narrow ones ; a narrow lever cuts nicks in all the pins 
in a very short time. And in order to take as much pres- 
sure as possible off the pivots of the arbor on which the 
lever is fixed, the two arms of the lever should be as close 
together as they can be placed and not one at one end of 
the arbor and the other at the other ; and all cranks, if 



PORCP/ LOST IN STRIKING. 2£1 

any are required, should liave long arms, in order to di- 
minish the angular motion required for a given rise of the 
hammer; and there jshould be as few cranks as possible. 

165. I have described a simple method (^0) of trying 
what force any given escapement is really using, or how 
much of the going weight is employed in merely overcoming 
tlie friction of the train. It may be ascertained by a 
still more simple method, how much of the striking weight 
is lost by friction, and the motion of the train between 
every two blows, and by the hammer lever andi cams being 
so arranged that nearly all the power is consumed in raising 
the hammer the first inch. It appears that the hammer 
shank, or rather the line from the axis to the face of the 
hammer, generally makes an angle of about 36*^ withi-he 
horizon. Since we cannot help some force being lost by 
tlie rise taking place in a circular arc instead of a straight 
line, though the radius of the arc ought to be made its 
large as possible, we may, in comparing one clock with 
another, assume the hammer to rise in a straight line at an 
angle of 35^ to the vertical. Therefore if H is its weight 
(beyond what is required to balance the rod work, strictly 
speaking), and d the rise from the bell, the work done by 
the hammer in the day is 156 H d cos 35® ; and if h is the 
actual fall of the clock weight in n days, is the work 
it ought to do in the day if no force were lost ; and the 
ratio of these two quantities will show what proportion of 
the power is lost. Cos 35®= *82, and if d is expressed in 
inches and h in feet, and n is eight days, the above ratio 
will be very nearly which, if there were no loss of 

power, would be a ratio of equality. It will be found 
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however that it is seldom as much as and oft^ as little 
as in clocks that strike from the second wheel. In the 
Exchange clock it is rather more, because it has cams, not 
pins. In a table given o^, five existing clocks among the 
parliamentary papers respecting the Westminster clock, the 
only one, even if those that strike from the great wheel, 
that gives this ratio as high as | is the one in Wilton 
Place (St. P^ul^s, Knightsbridge), which is a clock with 
cast iron wheels and cams; not Kke the Tavistock wheel, 
but with ten cams on each side and two hammers raised 
alternately. In the Tavistock clock the above ratio is as 
high as I; or only Jth of the power of the clock is lost in 
friction and the necessary interval between the hammer 
falling and beginning to rise again. 

1 66. It is mentioned in one of fiie parliamentary papers 
that in some foreign clocks the hammer is placed with its 
head downwards and its axis near the top of the bell ; so 
that it is easier to raise at the beginning than at the end 
of the motion. This is no doubt an advantage when the 
hammer is raised by pins which begin to act at some dis^ 
tance from the end of the lever ; but it must be remembered 
that a hammer so placed will require a much larg^ angular 
motion than one placed as usual to ^raise it to the same 
vertical height, on wliich tl^iforce of the blow depends, and 
not merely on the distance from the bell to which it is 
raised ; for it will be seen on looking back at the drawing 
of a bell that the hammer shank must stand at a much 
larger angle with the horizon tlian 35° when the hammer head 
is downwards, and moreover it will strike the proper part 
of the bdl more obliquely, since the angle of 35® (or 
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thereabouts) is adopted just because it is that which enables 
the hammer to strike the bell as directly as possible. 

When the bell is not required to be swung, the hammer 
might indeed be set at- the pldper angle by putting the 
head upon a sort of double shank embracing the bell. But, 
as has been shown just now, we can get quite sufficient rise 
out of a hammer set upon a shank of proper length in the 
common way, with no greater loss of power* than Jth; a 
great part of which must, under any construction, be 
lost in the necessary interval between the falPof the ham- 
mer and its beginning to rise again, and in the inevitable 
loss due to the hammer springs and therefore I think we 
may be more profitably employed in improving the construc- 
tion of the clock itself^than in making or adopting contriv- 
ances to meet a defective construction. 

I think however that it is a question worth consider- 
ing, foi a stationary beU, whether it would not be better to 
make it stand with its mouth upwards, that the hammer 
may strike it on the inside, as the clapper does. No clock-^ 
hammer ever gets such a sound out of a beU as the clapper 
does when it is ringing in full swing. It is not impro- 
bable that the bell opens under a blow more freely than 
it closes : a blow on the inside makes the circle open in 
that part for its first vibratidhf whereas a blow on the out- 
side is resisted by the bell as an arch. 

. * 

I may mention that a stiff hammer-spring, which allows 

the hammer to stand very near the bell, is better than a 
weaker one, which admits of larger vibrations, and therefore 
requires the hammer to be kept farther off. I have much 
increased the sound of a house dock with an unusually 
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large bdl and liaimner, by subatitutiag for the common stop- 
spriiig n iMn piece of Tidcanmed lndia^bber^ set upon a 
finn just below the bammeg^-bead. Moreover^ the 
hammer ought to have a br||id &ce^ and not^ as some clock- 
makers fancy^ a sharp one. Besides the inferiority of the 
sound, I remember a very large and fine bell being cracked 

by a hammer set so as to strike with its edge, 

« 

QUAETER8. 

187. 'When the clock strikes quarters, the striking 
wheel is made in the same way as the hour striking wheel, 
only with cams or pins on both sides of the wheel, of tlie 
proper number for each hammer to strike 120 times in the 

tweke hours instead of 78. The cams on one side should 

* 

not be set half way between those on the other, but the 
cam that raises the second hammer should be behind the 
other by about one-third of the distance between two 
successive cams on the same side, in ordei that the interval 
between the two blows of each quarter may be half tliat be- 
tween each successive pjdr of blows. In this case I sup- 
pose both the levers to ride upon one arbor, which is a bet- 
ter arrangement than putting them on different arbors, one 
below the other. In the Tavistock clock, the two levers 
are arranged as shown in Ihts* drawing, in order to bring 
both then long arms into the most advantageous position. 
I have not thought it required to show the moveable 
bushes, which are necessary to enable the arbor of the two 
levers to be passed through all the four holes in the frame 
and levers. 

In all cases, both for the hour and quarters, there ought 
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to be a strong stop (if cast on tbe frame all the better) for 
the long arm of the levers to strike against when the ham- 
mer falls, to take the siiock off the striking pins, and, as far 
as possible, off the arbor. Such stops are often put to the 
slioit arm, and much too weak, and too luiar the arbor. 

The quarter bells should be the 1st and the 4th or 5th 
of a peel of 8, the hour beH being the 8th. Where there 
are less than 8 bells, quarters may struck at every quarter 
except the 4th; and this will only require 72 blows for 
each hammer in the twelve hours. 

168. Wherever there is a peal of ten bells, the quarters 
may consist of chimes like the well known chimes of St. 
Mary\ at Cambridge, or that* (fn my opinion) very inferior 
^ improvement^ of at the Eoyal Exchange, for whicli^ 
however, it is right to state that the maker of the clock is 
no more responsible than for the bells, about wdiicli there 
has been so much discussion. The bells used for such 
chimes are the 1st, 2nd, 8rd, and 6th of a peal of six, 
or (which is the same tiling) of a peal of ten, the lOth 
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being tipcs haw-hfeU* It caimot he done with a peal of 
eighty because the first six do not the3QaseilTe& form a peal ; 
and the 4th of a peal of eight is a very ‘imserable substitute 
for the 6th of a peal of ten ; though it is adopted in some 
places, as at St. Clementes church, in the Strand ; and I 
could mention a clock made for a nobleman a few years 
ago, who intended to have the Cambridge chimes, but the 
five bells had been cast of the notes for a peal of eight 
^fore the clockmaker learned (on asking me to furnish 
him with the proper changes) that the bells would not 
make those chimes at all. To prevent such mistakes in 
future, I will state what the chimes are, both of the Cam- 
bridge and Exchange quarters, aud the construction of the 
barrels to produce them : 

Cambridge. Exchange. 


2d 

3d 


8126 

3213 

1326 

6218 


4th 



1236 - 1st 


Tlie Cambridge barrel tjarus twice in the hour, having only 
the five changes set upon it, aud the number of them to be 
played at each quarter is determined by the locking-plate, 
which turns once in the hour. The barrel must first 


be divided not into 20 bu1^2f5^ equal parts, and every fifth 
division left without a pin in it, in order to allow twice as 
much time between two successive changes as between two 
successive notes of the same change. In the Exchange 
chimes, the reader will see that each quarter begins with 
the same change, and therefore, though there are only four 
changes altogether, yet the barrel must take the whole hour 
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to turn irij and must have 40 pins in it^ instead of the 20 
required for the Cambridge chimes. And consequently, 
besides the inferiority in the tunes played by the Exchange 
dock to those of St. Mar/s, yon cannot tell what quarter 
it is until you have heard out the whole tune ; whereas 
everybody in Cambridge knows directly a quarter begins 
what it is going to be, except that the hour begins with the 
same changes as the half hour. 

Chimes of this sort are so much better than the com- 
mon ding-dongs, and so much easier to distinguish, at least 
when they have a different tune as well as number for 
every quarter, that it is to be ‘hoped the present plan of 
the great Westminster clock will be altered ,• and that as 
the hour bell is intended to be the largest ever made in 
England, viz. 14 tons, so its quarters, if they cannot be 
superior to all others in tune as well as size, will be 
at least equal to the best that arc known. Eight bells, 
which were proposed by Mr. Barry, are too many for 
distinctness as a quarter chime, and so would cause great 
additional expense for no good. Mr. Whitehurst suggested 
five ; but those arc very inferior to the Cambridge four. 

BE^^^S. 

169. As this subject of bells is materially connected 
with that of church clocks, I will add a few remarks upon 
it. And first, I may observe that it is sometimes a ques- 
tion whether a clock should be made to strike on the tenor 
bell of the existing peal, or upon a little bell to be set 
upon the top of the tower. 'When the tenor is a large 
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belli 'tiiere can be no doubt it has much the best effect 
to strike on that. But then it generally requires a larger 
and more expensive clock ; and unless the tenor is a bell of 
at least 10 cwt., a small one of two or three cwt. outside 
the church will frequently be heard farther, and accordingly 
that plan is sometimes advantageously adopted. 

170. Where the bells are not ready made for the clock 
their size is of course optional; but unfortunately their 
quality is not equally at the option of the purchasers. And 
in consequence of the disputes which have occurred respect- 
ing the Royal Exchange bells, I wish to suggest to those 
who have to give judgment on bells, that the tune, that is 
to say, the note of one bell relatively to others, is a totally 
distinct thing from the tone, or absobite quality of the bell, 
and of infinitely less consequence; because the note can 
easily be altered sufficiently, but the tone of a bad bell can 
never be mended, except by breaking it in pieces, and melt- 
ing it; and not always by that,*if the metal has been bad 
originally, or the bell-founder does not know how to make a 
good bell. In order to j;iiige of the absolute goodness or 
tone of a bell, what is wanted is not so much musical know- 
ledge or perception of tune as experimental knowledge of 
what bell-metal is capable of, A peal of cast iron bells 
might be made perfectly in^une, and to a person who had 
never heard bell-^metal bells, would appear a perfect peal. 
No rules can be given tp enable people to judge of the 
quality of sounds ; but a few things may be mentioned as 
necessary to attend to ; such as, whether the bell sounds 
freely on being lightly touched; how long it ^ holds the 
sound,^ compared with other known bells of about the same 
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and of good quality; and particularly whcth^ on filing 
or polishing the bell anywhere tlie metal appears' perfectly 
close and free from holea. If it does not, .you may be sure 
the bell is a bad one, without any farther examination, and 
it ought to be condemned at once. A bell may also be too 
thin for its size, and perhaps occasionally they are made 
too thick. In bad bells, it may be frequently observed that 
you hear a harsh metallic sound of the knock of the ham* 
mer, independently of the continuous or ringing sound, 
which alone ought to be heard. Other points must be left 
to the discretion of the judge. 

As many persons may have "read some remarks on the 
relative merits of the great bells of St. Paulas and Christ 
Church, Oxford, in one^of the Parliamentary papers, I Aust 
say that I do not agree with them ; on the contrary, I 
think St. Panics far the best of the four large bells of Eng- 
land, though it is the smallest of them, being about 5 tons; 
while York is 12 , Lincoln 5 ^, and Oxford 7 |, which last 
is a remarkably bad bell. There is a general opinion that 
bells cannot be made now equal to the old ones. It is true 
that bells improve in sound for a few months, but no more; 
and they only alter in loudness, not in the quality of the 
tone. The badness of many modern bells is due not to 
want of age, but to want of slSfl or attention in the founder. 
I liave seen as bad bells as need be, wi4i dates of about 200 
years ago ; and the best I ever heard (for a small peal), at 
Castle Camps, in Cambridgeshire, were made about 20 
years ago by a country bell-founder, of the name of Dob- 
son, who however did not meet with sufficient encourage- 
ment, and lately died a pensioner in the Charter House ; 
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and many excellent bells, both large and small, were cast 
by Mr. Hears, and his predecessors, Messrs. Leicester, 
Pack, and Chapman, at the well-knowii foundry in White- 
chapel, which for some years has enjoyed nearly a mono- 
poly ; I have latcjy however seen some very good bells, 
made by Messrs. Taylor of Loughborough ; and I have had 
the opportunity of comparing one of their beUs with a 
foreign one imported by Mr. Dent for trial, and the Eng- 
lish one was decidedly the best. And therefore, though 
the casting of bell-metal is a ^ mystery^ requiring consider- 
able skill and management beyond merely melting together 
certain quantities of copper and tin, there is no reason 
to reckon bell-founding yet among the artes perditGe-. If 
peo|l>]e would always reject bad beUs,, good ones would soon 
become as common as they ever were. 

TIME or STRIKING EIRST BLOW, 

171. It is usual to make the quarters let off the hour ; 
that is, the locking-plate of the quarters is furnished with 
a pin or a snail which, while the last quarter is striking, 
performs the office of the discharging pin on the hour wheel 
of the going part when there are no quarters. And for 
ordinary clocks this plan Joes well enough ; but it is evi- 
dent that in that case you cannot rely on the first blow of 
the hour, which is the proper indication of the exact time, 
being right to several seconds, because it depends on the 
rapidity with which the quarters may happen to strike, in 
addition to the ordinary sources of inaccuracy in the time 
wliich the hour train takes to get into action; both of which 
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differ considerably in different states of the docL And 
therefore in some clocks there are two snails set on the 
hour-wheel, one of which lets off the quarters, from a quar- 
ter to half a minute before the hour, and the other snail 
lets off the hour striking p£u^ exactly j^t the hour. And 
here I may remark, that the larger the snail is the more 
accurately it will let off, because the linear space on its 
cirrfnmference corresponding to one beat of the clock will 
be larger, but the more friction it will cause. Moreover, 
if the time of striking the first blow is intendSd to be very 
accurate, the hammer should be left on the lift, or just on 
the point of falling, instead of having to wait while the 
train is raising it. And in tliat case (and indeed it is better 
to do so whether the ^hammer is left on* the lift orliot) 
there should be a small click applied to one of the wheels 
of the striking train to prevent it going backwards when 
the clock is being wound up. Mr. Dent uses merely a 
single pin, set as a tooth into the fly arbor, and so placed 
that the click falls against it when the clock has done 
striking. 


TRAIN REMONTOIEES. 

172. This naturally leads* tb the subject of remontoires 
in. the train, which I have several times referred to, and 
which are quite distinct from remontoire escapements. If 
the scape-wheel, instead of being driven directly by the 
train and the clock weight, is driven by a small weight 
which is wound up at every twenty or tliirty seconds by the 
clock train, the clock will have these advantages : 1st, The 
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scApe^wheel will be driven by a force as nearly uniform as 
poaedbie^ being free from all the inequalities of fhe friction 
of the train and dial work, and the effedt of the wind upon 
the hands. 2ndly, The striking may be let off more ex- 
actly than in the c^jmmon way, because the snail will turn 
through a fifteen times larger angle if let off by the re- 
montoire every thirty seconds tlian by the pendulum every 
two seconds ; and so you may be quite sure that the striking 
will be let off at the sixtieth second of the sixtieth minute 
of the hour, which you cannot secure in the common way. 
Srdly, The long hand will move a visible distance by jumps 
at every half minute, which will enable a spectator to ob- 
serve the time as accurately as from the second-hand of a 
regfflator; whereas in common turret clocks the time can 
hardly be taken to less than a half a minute even in the 
most favorable positions of the minute-hand. In short by 
the use of a remontoire in the train a clock would go 
better, and would also be available as a regulator both by 
sound and by sight, as perfectly as an astronomical clock; 
while a common turret clock, if it goes ever so well, is 
useless for very exact observations, such as a person wanting 
to regulate a good clock of his own would require, as he 
can neither tell the time from the hands nor rely on the 
striking to several seconds. ' 

17S. There have been various contrivances fortius pur- 
pose. One is described by Reid as having been put up by 
liim at Edinburgh in the last century, which was worked 
by a Huygens's endless chain (79). He says it went very 
well, but that the chain and other parts connected with it 
wore out so fast that it was removed. There have been 
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many attempts at it in France, but they afe stated in French 
books on the subject to have been generally unsucoessfuL 
However a public dock with a remontoire in the train has 
now been going for five or sjx years in Xjondon ; and the 
efficacy of it as regards time keeping may be judged of by 
any of the numerous chronometer-makers who live within 
sound of the Exchange bells ; and any person may judge 
of the effect of it as regards the other objectsT have men- 
tioned by looking at the long hand just before it strikes the 
hour ; he will see the last jump of the hand, after the quar- 
ters have done striking, take place at the same moment as 
he hears the first blow of the "hour. And as the great 
clock for the new palace at Westminster is to have some 
contrivance of this kind, a description of it will probably 
be interesting. 

Any person with a moderate amount of ingenuity will 
see that the only real difficulty in the problem is to keep the 
action of the remontoire weight on the scape-wheel wlule it 
is being lifted. Harrison^s going ratchett might of course 
be applied; and although it would jause a small amount of 
friction, it would have some advantages perhaps over the 
one I am going to describe. The plan of the Exchange 
clock rfemontoire is this, omitting some merely mechanical 
details. Tlie wheel D, whose fSihion is driven by the centre 
wheel E, has internal teeth; and a wheel C, which rides 
upon the arbor of B, has external teeth as usuaL On the 
arbor of D there rides also an arm or lever C B A carrying 
the remontoire weight A ; and there is (or may be con- 
sidered to be) a pin or stud upon the arm for a wheel B to 
ride upon, whidi works between the external teeth of C and 
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the internal teeth of D. Consequently, whenever the wheel 
D is driven by the train it will raise the right side of B, 
which will raise the lever and the weight; but the left side 
of B will nevertheless be always pressing downwards on G 
and tending to turn it**^,Iie opposite way to D ; and therefore 
a large wheel F fixed to the wheel C may be employed to 
drive the scape-wheel, wliich will then be driven merely by 
the remontoire weight and not by the clock train, ** 

174. The mode of letting off the train at every twenty 
seconds is tliis. Tlie scape-wheel arbor turns in a minute 
and is nearly half cut through in three places near together ; 
and on the rim of D, which is made broad enough for the 
purpose, are placed three sets of spikes in different planes 
corresponding to the three nicks in the scape- wheel arbor ; 
and these three nicks being made at angles of 60^ to each 
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other^ tliey come mciGesmdj at mtedrvals of twMijr 9&&m^ 
into such a position a ^ikedf cme set am 
the comsponding mck^ but a f^ike of tib next eet 
the arbor in a {dace- where it cannot tSnrouf^ for 
twenty seconds inore> and then a sj^e in the third |ilane is 
stopped in the same way, and so on. Hins at m&y twenty 
seconds the wheel D is allowed to move throng the qpaoe 
between two spikes, and so the Kttle weight A is raised 
tlirough a small space by the force of the clock taiain, sad 
the force on the scape-wheel is the same upito the Whole 
for every successive third part of a minute^ during 

the twenty seconds it vari^ a "little as the distance of A 
from a vertical line through C varies, by reason of its des- 
cribing a circular arc. • 

Half a minute would be a better interval than twenty 
seconds, because it is not easy to sec at a distance whether 
the hand is ten seconds before or after the half, minute, 
and tlie motion at each move would also be half as much 
again for thirty seconds as for twenty. 

175, Tlie plan which is adopted in the Prench turret 
clocks, which I understand are now generally made with a 
remontoire in the train, is the same ill principle, only in- 
stead of a wheel running between the internal teeth of one 
• wheel and the external teeth another, a bevelled wheel 
riding on the remontoire arm runs between two other 
wheels at right angles to it, as shown in the next drawing. 
The wheel D performs the office of the internal wheel D in 
the Exchange clock, raising the weight A by means of 
the wheel B, which turns freely on the remontoire arm, 
and so always presses downwards on C, to wliich is fixed. 
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as before, the 
wheel P which 
is to dnve the 
scape - wheel ; 
and the broad 
wheel, with the 
three rows of 
spikes in it, is 
fixed to D, as 
before. I do 
not know that 
either of these 
methods is bet- 
ter than the other, except that, aa^it is impossible to cut 
bevelled te^th to the right shape as truly as flat ones, there 
is probably rather less friction in the internal wheel plan 
than in the other; but it is also tlie more expensive the 
two. 



But there is this objection to both of them, that the 
spikes strike the scape-wheel arbor with considerable force, 
and even wliile they aie at rest press upon it pretty heavily, 
and therefore a larger force is required to drive the scape- 
whed. The force of the blow has been somewhat dimi- 
nished in the Exchange cibfek by putting a spring with a * 
concave face for the spikes to slide up before they reach 
the arbor. In the more recent French clocks, it is done 
by making the train drive a fly, which moderates its velo- 
city j and in some of them the spikes are put on the end 
of the fly, or an arm on the fly arbor, which is a very great 
improvement, as it also diminishes the constant pressure 
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and friction on ihe ai^ of tlie icape«wh^ 
the velocity of thp spikes w^en set ^ this secoM io 
their velocity v^hetf set on tine fiy. hafe also Ijeeh 

made to let off by a lever like a skriking part^ iinste^ of by 
nicks in the arbor ^ but that meth^ gives the ms^-wh^ 
more to do, and produces much greater firictioni This 
however would not signify where there is a raiihcmtoiie 
escapement as well as a remontoire in the train; and 
haps for a very large clock with such an ^capement tins 
might be found the best way of letting df the tedn rcanon- 
toire, since in that case the pressure or blow of tbe spikes 
is immaterial, as it does not fall bn the fcape*wheei arbor. 

CONTINUOUS MOTION EEMONTOIKE. 

176 . A very ingenious and curious application of the 
gravity remontoire has lately been made by a French clock- 
maker, named Wagner, for the purpose of obtaining a con- 
tinuous motion of the heavy jiart of the train combined with 
the accuracy of a vibrating pendulum driven by a constant 
force. Instead of the remontoire bemg let off at definite 
intervals by the scape- wheel, the bcvelieff wheel J) works a 
fly, by the intervention of two or three intermediate wheels. 
This fly revolves horizontally ^elow' the clock frame, for a 
reason to be explained presently. If the fly always turned 
at a constant and proper rate, it would evidently let the 
driving wheel D turn one way just as much as the opposite 
wheel C turns the other way, under the action of the escape- 
ment and the remontoire weight, in any given number of 
seconds; or, iu other words, those two wheels between 
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them would always keep the remontoire arm at the same 
height. Now this ana is prolonged to a convenient length, 
and from its end is hung, by two wires, a thing like a gmg^ 
suspended horizontally, and with a hole in the middle for 
the fly arbor to pass through; and this gong, or bell, is so 
placed, that when the remontoire is at its medium height 
the bell about half covers the fly, which toms within it : 
if the remontoire falls below its medium height the bell 
will evidently fall, and more completely enclose the fly ; 
and the effedfof this is that the air within the bell becomes 
rarer by the action of the fly, and consequently offers less 
resistance to the fly, which will therefore regain its proper 
velocity ; and of course an increased velocity of the fly is 
idenflcal with an increased velocity qf the train, which was 
previously going too slowly to keep up with the regular 
motion of the scape-wheeL And in Hke manner, if the 
train and fly are going too quickly, the bell is lifted up, 
and the fly more exposed to the external air, wliich offers 
an increased resistance, and so again restrains the velocity, 
There is indeed, theoteiically^ a much more simple way 
of combining a continuous motion of the train with a 
vibrating pendulum, '*^For if any point in a heavy pendulum 
is connected by a long horizontal rod with a crank, or a pin 
set on the face of a wheel, nfe^ng in the same plane as the 
pendulum, and the pendulum is made to swing just so far 
as to let the crank turn round in one double oscillation, it 
may be easily proved that the natural velocity of the given 
point in the pendulum is the same in every position as the 
vdocily, in a horizontal direction, of the end of the crank, 
the crank itself revolving uniformly. The practical diffi* 
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culty, however, is to keep the pendulum always vibrating 
the same arc, when there is a variable force actmg on the 
crank, without which it would not answer. 

SPBING EEMONTOIBE. 

177. Instead of a weight acting on one of the wheels of 
the train, as in any of the preceding methods, a spring may 
be used to communicate the force from the {flhion of the 
scape- wheel, or the wheel below it, to the wheel itself. 
And a spring possesses these great advantages over a 
weight, that it requires no maiiitaiiiiiig pcrser to keep it m 
action when windmg up, as I explah^ in the ease of a 
spring clock without a fusee (80), and that it acts without 
any friction. Him advantages am so greai^ that I h&ve 
no doubt a spring remontoire may be made better, and 
it may certainly be made cheaper, tiban any gravity one. 

Thm^ is a description of a spral spring remimfaare let 
off by nicks and spikes, as bafmre described, in the £hey« 
clopGcdia Britannica. And 1 have lately seen some small 
French cbcks with a spring remqptoim on the second 
wheel, and I am told at Mr. Dent’s they go better than 
ordinary French clocks without a fiisee,^dttrfi, however, is 
not saying much for them. The spring should, if possible, 
be put on the arbor of the s^i^e- wheel instead of the 
second wheel, because then it acts without any friction 
of the scape-wheel pinion ; in fact, the scape-wheel then 
has no pinion, properly speaking. 

But all the remontoires of this kind that I have seen or 
read descriptions of, are liable to the objection that either 
the wheel or its pinion rides upon the arbor of the other of 
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them, as in Mr. Air/s escapement (47), which causes the 
wheel to turn with considerable frictiou ; and from this and 
other causes, the spring remontoires that have been hitherto 
made, especially in turret clocks, do not appear to have 
given satisfaction. 1 shall therefore describe one which has 
been lately made, and in which the objection I have just 
now mentioned is removed, and some other advantages 
obtained, and which is perfectly easy to construct, and at a 
moderate expense. 



The large in this drawing, which is the second or 
centre wheel (there being only three in the train) drives a 
pinion of 14 leaves, wliicfc rides on a stud or fixed arbor 
screwed into the clock frame ; and the pinion is also pro- 
longed into a pipe large enough to enclose, without touch- 
ing, the brass bush, wliich is fixed on the end of the stud 
to form a pivot-hole for the scape-wheel arbor. On tliis 
pipe is fixed a spiral spring, (the mainspring of a moderate- 
sized musical box), of which the outer end takes hold of a 
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pin set on the back of the scape- wheel. It is evident there* 
fore, that if the pinion and pipe are turned round or Wound 
up from time to tiipe, it will wind up the Spring, and the 
scape- wheel will be driven by the spring without any fric- 
tion at all, except that of its own pivots ; and also that 
whenever the second wheel is let go, it will so turn the 
pinion and wind up the spring. 

The letting oft* is not done in the same*way as in the 
Exchange ' clock, but the wheel drives another pinion 
(marked 7) on an arbor which carries a fly ^•and tliis fly, 
(though not BO exhibited in the drawing) may have at its 
ends the spikes which are to dip through the notches in 
the scape-whecl arbor as before described. Now% as- 
suming the scape-wheel to turn in two minutes (which is 
more convenient than one minute for turret clocks) and the 
remontoire to be let oft* evcj^ half minute, lihe letting oft 
would be done by a four-armed fly set on a pinion of the 
same number as the scape- wheel pinion, and four notches in 
the scape-wheel arbor acting as the three do in the Exchange 
clock. But I have also made an alteration in this respect, 
for the purpose of diminishing still further the pressure of 
the spikes on the scape- wheel arbor,S{JU 3 Ugetting a larger 
motion of the fly in proportion to the same motion of the 
train, and consequently a slower motion of the train during 
its action. The scape-wheel arbor comes through the frame 
and ends in a cylinder, of wliich the face has two nicks cut 
across it, one broad and J inch deep, and the other narrow 
and i inch deep; and therefore if one end of the fly 
lias a short and broad pin properly placed, it can slip 
through the broad nick only; and a long and thin pin 
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at tlie other end of the fly will slip through the narrow' 
nick only, when the nicks respectively come into a posi- 
tion at right angles to the fly. In this way the two- 
armed fly is allowed to turn half round at every quarter 
of a revolution of the scape- wheel ; and as the fly pinion 
has seven pins while the other has fourteen, the remori- 
toire spring is wound a quarter round at every let off of 
the remontoice. The second wheel, wliich drives them 
both, turns in eighteen minutes, and consequently if the 
spikes were ^t on it instead of on the fly, their pres- 
sure on the scape-wheel arbor would be 86 times as great. 
I found this pressure amount to barely two ounces, with 
a very heavy weight on the clock ,* ai\d as it is made to act 
upwiyrds, it only relieves the pressure of the arbor and the 
cylinder on the adjacent pivot-hole. • 

The spiked' or pins are not really set on the end of the 
fly, but oil bent springs about three inches long, in order 
to diminish the force of the blow on the scape-wheel arbor, 
and the too sudden stoppage of the train ; and for the pur- 
pose *of doing the same thing more completely, and also 
stopping the recoil of the fly after the blow, there is a fric- 
tion spring set Q^n^thj^. frame, which the fly has to slide over 
just before it reaches tlie cylinder; this of course diminishes 
its velocity or momentum w]j,^n it is greatest, and also acts 
as a click wliicli the fly cannot pass in recoiling. 

It remains to be explained how the adjustment of the 
remontoire spring is made, in case it is found to give too 
much or too little force to the scape- wheel. The fly is not 
fixed to its arbor, but it has a click that takes hold of a 
ratcliett ivith ten or twelve teeth, fixed to the arbor in tlie 
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usual manuer of tlie striking fly ratchett. Therefore wheu 
you want to alter the tension of the spring you have only 
to lift the click, without stopping the clock, and shift the 
ratchett as many divisions as may be necessary, wliich "will 
turn the scape- wheel pinion and spring just half as mucli 
as you tiirn the fly arbor, since the scape-wheel pinion has 
twice as many pins as the fly pinion. The ratchett is made 
with square toctli, winch are also numbered, for greater 
safety of action and certainty in adjusting it. The spring ^ 
must of course be occasionally cleaned and^oiled, to keej) 
it from rusting, and so should the pendulum spring. 

This is the construction of the clock represented in tlic 
frontispiece, ’which is just completed for the newly built 
church at Moanwood^ near Leeds. It is of course too soon 
as yet to give any account of its performance as regards 
time-keeping, but its mechanical action is quite satisfactory ; 
and as that is the only novelty in it, the principle of the 
spring remontoire having -been tried for some time, I see 
no reason to doubt that it will be altogether successful. 
The going weight required is aJ)out half as much again 
as it M ould be if there were no remontoire, because all train 
retnonfoires require additional weigftt4<»^vercome the ad- 
ditional friction, and to wind up the remontoire with- 
out any hesitation; but a^fione of this additional forc(* 
reaches tlie escapement it is of no consequence, and you 
can put on weight enough to drive the hands in all weathers 
witliout at all affecting the swing of the pendulum; whereas 
in a clock without a remontoire you cannot put on weight 
enough to drive the hands in bad weather and when the oil 
is frozen, without making the pendulum saving too fax as 
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stoon as it becomes warmer. I have seen the semi-arc of 
the pendulum of a church clock, and a very good one, vary 
nearly a degree between winter and summer. 

Another effect of tills remontoire is the remarkable silence 
of the beat, as compared with the Tavistock clock in which 
the wheels are of the same size, or with the Exchange clock 
in which the momentum of several wheels and the re- 
montoire weight has to be stopped by the pallets at every 
beat ; whereas in this clock the only thing to be stopped is 
the scape-whee? which is less than four inches in diameter 
and only moves at each beat. It is probable also tliat 
it follows the pallets more closely when moved by a spring 
than when moved by gravity. This silence of course in- 
dicated that there is less waste of force at each beat in a 
clock with a spring remontoire of this kind than either 
without any remontoire or with a gravity remontoire. 

178. 1 have hitherto spoken of the horological advantages 
of a train remontoire. But it has besides the economical 
advantage of superseding the necessity for highly finished 
wheels in the lower part, of the train, as it reduces that 
part merely to a machine for driving the weight of the 
hands and windiftg»<if^ the remontoire, instead of being a 
machine for transmitting to the pendulum as uniform a 
force as possible. And there^efre I see no reason why the 
great wheel, hour- wheel, and all the leading-off or bevelled 
wheels (of which sometimes as many as nine are necessary) 
should not be of cast iron instead of brass, which it seems 
would almost cause their cost to be measured by shillings 
instead of pounds. If it had been certain beforehand 
that this new remontoire would answer, the Meanwood 
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clock would have been so made. I know that there is a 
prejudice against cast iron clock wheels even in the striking 
part. But people would easily see that this prejudice is 
unfounded if they would oiJy remember that the striking 
part of a clock is nothing but a macliine for raising a heavy 
hammer 156 times in a day, or rather in ten minutes, since, 
it would strike 156 in about that time if allowed to go on ; 
that aU you want is sufficient force to do this without any 
unnecessary wear of materials; that (as I have shown) cast 
iron clocks are now doing this work with considerably 
waste of power and therefore less wear of materials than 
the best brass clock probably in the world ; and lastly that 
vsuch clocks can be made much cheaper than brass ones 
equally good. And when the going part is also rtduced, 
as it is by a remontoire, to a mere weight-raising machine 
in which uniformity of force is of no consequence, there 
>vill be no more necessity for brass wheels there tlian in the 
striking part. The only .question was whether a remon- 
toire could itself be made at a moderate expense ; and it 
now appears that it can ; indee^ 1 was led to turn my at- 
tention to the contrivance of such a remontoire by a 
remark of Mr. Dentes, that a gootKaj'-d^cheap remontoire 
was essential to any further material improvement in turret 
clocks, especially large orieif;»aiid it may be added that a. 
good (that is, a secure) and cheap maintaining power or 
^ going barrel^ apparatus was equally essential to the making 
of such large clocks except at an enormous increase of their 
cost, and I think tliat difficulty has also been removed ws 
described in § 159. 

179. I have spoken tluronghout of wheels; 
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meaning thereby cither brass or gnn^metaly which is a com- 
pound of copper and tin instead of copper and zinc, with 
a lower proportion of tin than in bell-oneiaL The pro- 
portions for the best gun-metal are, I understand, from 
92 copper -f 8 tin to 90 copper -t- 10 tin ; and such metal 4s 
harder than the best hammered brass, and yet not too 
brittle for the teeth of wheels. It is however a ditficult 
metiil both to Make and to work : the castings, especially 
large ones, being often full of defects, consisting not only 
of holes, but hard pieces which are as destructive to 
wheel-cutters as a cinder in a piece of bread is to human 
l^ceth ; and it is in any state a very tough metal and clogs 
the files. I am informed however by the best authority on 
this subject, that these defects in the casting may be pre- 
vented by not putting the tin to the copper at once in tlie 
above proportions, but previously making an alloy of 2 
copper +1 tin, which they call ^liard metal,'' and which is 
the ' highest^ compound the metals admit of without tlie 
excess of tin beginning to make the alloy softer again : to 
this alloy the further proportions of copper are afterwards 
added; and in order to obtain the greatest density or 
specific gravity wtthaWlie compound admits of, the castings 
are always made with a long ^ dead-head^ to produce con- 
siderable pressure on the flui^Mietal. I am told also that 
adding a very small quantity of zinc, about 1 per cent,, 
makes the metal both more fluid in the crucible and more 
compact when cold. The specific gravity of metal cast in 
this way at Woolwich has been known to be as high as 
9, and is generally about 8* 75, while that of brass is only 
8 ‘37 (according to the ‘ data^ in Weale^s Dictionary). 
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180. I Ihiuk it is also worth the consideration of clock- 
makers whether they could not get more true and sound 
castings, either of brass or gun-mctal, and such as would 
sufler less waste and require less labour in squaring out and 
tUNiing up, by having cast-iron moulds made for the sizes 
of wheels they are in the habit of using. Large castings, 
even in brass, are often defective for as much as -^’^th of an 
inch deep ; and 1 understand a very sharp •and clear cast- 
ing can be obtained from a heated iron mould instead of a. 
damp sand one, since it does not chill thcrfnetal too soon 
but lets it run into the smallest corners. The part of the 
inoiild between the spokes would have to be made separate 
and bevelled a little, so as to lift up, and let the wheel 
contract in cooling, or it would probably break itself; and 
the mould should no*t be an open one, but close, and with 
a longisli pipe to it, by way of a Mead head,^ to produce 
pressure upon the metal, as the effective part of bells, viz., 
the mouth, lies at the bottom of the mould. These how- 
ever are only suggestious, which some person better versed 
in the art of brassfounding may perhaps reduce into a more 
practical shape. The necessity of some improvement in 
this art will be evident when I stat^j thj'iw three brass cast- 
ings were made for tlie great striking wheel of the Tavistock 
clock before one was obtained sound enough even to cut 
for tlic model ; and more, I believe, for the great wheels of 
the Exchange clock, which are of gun-metal, as those of 
the Parliamentary clock are required to be, in ray opinion 
very urnccessarily as regards aU but the escapement part of 
it, in such a large clock : I mean of course that they should 
be of iron. This difficulty of getting really good gun-metal 
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castings, hard enough to be any better than brass, causes 
some dockmakers to prefer well-hammered brass to such 
gun-metal as they can be sure of obtaining from the foun- 
ders. At any rate however the bushes, which are too 
tliick to be hardened throughout by hammering, and|in 
wliich brittleness does not signify, ought to be made of 
gun-metal; but it should be free from hard bits, which 
would probably cut the arbors. It must not be forgotten, 
moreover, that gun-metal is more expensive than brass, both 
in the making^and the working. 

181. Lastly, all the iron work, whether cast or wrought, 
and whether visible or invisible, except just tlie acting sur- 
faces, ouglit to be painted. Polisliing it does no good, costs 
moncT^ and requires continual cleaning and oiling to keep 
it from rusting. This rule has been* followed throughout 
in the Meanwood clock, though it is one in which, as the 
reader has seen, no expense was spared that was thought 
likely to produce any useful effect. 

And with regard to this rather important matter of 
oiling, fresh oil ought nev< r to be put on, especially on the 
escapement, without thoroughly wiping the old oil off. I 
have liad to take ont a^ ^ape-wheel and wash it with soda to 
get off the accumulations of oil with which an attentive 
sexton had lubricated it in thf course of two or three years. 
The pivots should liave clean oil whenever they appear to 
be dry; but the pinions should only be wiped with an oily 
cloth, and not have oil dropped on to them, as is the com- 
mon practice ; and this applies to house clocks as well as 
church clocks. As far as my experience goes, I tliink no 
oil e(jual upon the whole to some wliich was recommended 
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to me at Mr. T)eiif/s for the purpose of preserving steel 
surfaces from rusting: it is neat's foot oil, well-stirred 
about in water, skimmed off and filtered once or more 
tlirougli blotting paper until it is quite clear. Though it 
is the most filthy looking stuff at first, it produces at last 
an oil more fluid than the best sweet oil, and which has 
the important advantage of never freezing, nor forming a 
brown cake on iron, as the vegelable oils* do* I should 
think, lliercfore, it is peculiarly suitable for church clocks : 
indeed I have applied it to a house regu^tor for some 
time, and, as far as T can judge, with very good effect. 

] 82. The pulleys for church clocks require more atten- 
tion than they frequently receive, especially as the fixed 
pulleys are often put higli up in the tower, whe^e tlie 
oiling of them is ne^ecied. Every pulley ought to be as 
large in diameter as it conveniently can be made, for the 
obvious reason, that the larger it is tlie slower it has to 
turn. 1 sliould say that no pulley for a moderate sized 
clock ought to be less than nine indies diameter, nor less 
than twelve inches for a lai’ge clock with heavy weights. 
Another jioiiit, which is of perhaps even more importance, 
is, that tJie pivots, or arbor, sho!ild fixed into the 
pulley, and not a pin put through a lioie in the pulley, ns 
the common pulleys for raising weiglits are made, in which, 
for various reasons tliat 1 need not specify, it is of less 
consequence than in clocks. Por when the pin goes 
through a hole in the pulley, it requires to be much thick 
than pivots turning in bushes set in the frame, in order to 
obtain the same strength; and therefore the friction is 
greater, and the weight required to drive the clock greater, 
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and tlie wear of the pin and the hole in the pulley greater 
than it need be. Secondly, the effects of this wearing arc 
much more mischievous ; for pivots always pressing in one 
direction only wear a hole larger in one direciion, or make 
it longer, and it wdl therefore work in it with no more 
friction at last than at first ; whereas when the hole in a 
riding pulh'y is worn bigger, the friction is increased as 
much as if tl^e jjin had been originally made so much 
larger; and indeed more, because the bearing surface of 
the pin is naf rower than if it w ere as large as the hole. 
Lastly, a fixed arbor, with brass bushes screwed into the 
])ullcy frame, keejis the pulley much steadier, and with 
more equal bearing on both sides, than a pin. Pulleys 
made as 1 have described of course cost rather more than 
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those made in the coininon w^ay, but they are very well 
worth the additional ex])ense. 

183. There are two or three other matters which should 
be attended to in putting up church clocks. One is to 
enclose them in a wooden box that locks up, leaving the 
winding squares open, so that the clock can be wound with- 
out unlockhig the esyse, and so that nobody but the persorj 
who has the car^f tlte clock can get at the works. T1 h‘ 
pendulum should also be enclosed all the way up. And it 
is essential to the keeping a clock in good order that 
the place where it stands should be light ; if it is not 
light already, it should have a window put in before the 
clock is put up ; and if the architecture will not allow it 
anywhere else, the middle of the dial may be, and often is 
with good effect, made a window. When the clock is a 
good one, worth looking at, it is a good plan to have some 
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small panes of plate glass put in the doors of the box or 
case, so as to show the escapement and the regulating dial, 
which, if the clock stands in the belfry, will serve also for 
a dial for the ringers. If the bottom of the pendulum 
romes in a convenient place, it is as well to put a piece of 
glass to show the degree plate, so that anybody can see 
how far the pendulum is swinging. All tlicse little things 
tend to make people careful of their clock when they have , 
got a good one. Mr. ^uUiamy mentions several public 
clocks in Paris whicli ar& fitted up with glaij^, so that they 
can be completely seen without opening them; and the 
same thing has lately been done at the Exchange clock, 
and is contemplated by the astronomer royal for the Par- 
liamentary clock. ^ 

] 84. Not long a^o, I heard that the weight of a church 
clock in London had broken the rope and fallen (as a 
weiglit of several cwt. easily would do) tlirough the belfry 
floor and the pavement of the church into the vaults below. 
This accident, which is not very uncommon, is most likel|r 
to arise from the sudden stoppage of the weight when it is 
wound up until the sexton feels he can wind no farther; 
and with the view of stopping liim ih tirruv a string may be 
put to each weight and over a small pulley at the top, and 
the other end, with a littl%jveight attached to it, made 
to come down close by the place where the clock is wound 
up ; so that when the great wreight is up, the little weight is 
down, and the man will know that it is time to stop wind- 
ing. This is like the weight put to an organ to show the 
blower when the bellows are full. Where the weights come 
down on to a floor over the heads of people in the church, 
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it is prudent to put a large box filled with wool or sawdust 
on the floor, where they would fall ; the wool or sawdust 
need not be left open, but should be covered up with 
boards, which will only break first if a weight falls. 

THE GEEAT CLOCK EOR THE NEW PALACE 
AT WESTMINSTEE. 

185. I have no doubt that it will be interesting both to 
clockmakers and to other persons to know what has taken 
place up to this time with regard to what may be called 
the National Clock, both on account of the building on 
which it is to be placed, and because it is intended to be 
the best and largest public clock in England, and in the 

world' 

Six years ago, viz. in March, Mr. Barry, the 

architect of the new Houses of Parliament, wrote* to Mr. 
Vulliamy, to ask if he would furnish him with a plan for the 
clock ; and as he could not undertake that Mr. Vulliamy 
%hould be employed to make it, he inquired upon what 
terms he would furnish tlie plans, first, in the event of Ijih 
being employed to make the clock, and secondly, of his not 
being employed^* Mr. Vulliamy, in reply, proposed that, if 
employed, he should be paid 100 guineas for the specifica- 
tion, calculations, working a«d other drawings; and if not 
employed, an additional 100 guineas for his time and 
trouble. 

* I may as well state that I shall follow tho words of the corre- 
spondence as nearly as 1 can conveniently, and without perplexing 
the reader, printer, and myself, by continual quotation marks, and 
interruptions of them. 
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Shortly afterwards Mr. Barry wrote to tlie Board of 
Woods and Forests, saying that, owing to the progress 
making with the clock -tower, it was desirable to have the 
necessary specifications, working drawings, and estimate/t 
prepared ; and that he had therefore applied to Mr. Vnlliamy 
as, m hu opinwny the person best qualified to make out such 
specification, working drawings, and estimates ; and he for^ 
warded the two preceding letters, and recommended that 
Mr. Vulliam/s oiler be accepted. In^a few days he re- 
ceived an answer from the Board conveying to him the 
requisite authority to engage Mr. Vulliamy upon the service, 
and upon the terms named in Mr. Ban^s letter. This was 
of course communicated to Mr. V., who replied that he 
should proceed without delay to prepare the plan of the 
clock for Mr, Barr/s inspection. 

In January, 1845, however, Mr. Vulliamy wrote to 
Mr. Barry, to say that he had just observed a mistake 
in the letter from the Oifi(4C of Woods and Forests, viz., 
that though Mr, V. had said nothing about an estimate, 
the Board had incidentally introduced the word, no doubt 
as a matter of course ,• and that to make an estimate would, 
until it is definitely settled how the cfock is* to be made, be 
quite useless ; and would be a work of great labour, occu- 
pying much time, and not contemplated either by himself 
or Mr. Barry ; and that he thought it right witliout delay 
t/O notice the circumstance, lest it should give rise to any 
misunderstanding afterwards. 

To this letter there appears to Imve been no answer from 
Mr. Barr}', or notice of it by the Board, except so far as the 
subsequent letter of Mr. Barry, of July, 1846, is an answer. 



254 


GREAT WESTMINSTER' CLOCK. 


In November, 1845; Mr. Dent wrote to the Board, to 
say that he was desirous of being admitted as a candidate 
for supplying the large clock, and such others as might be 
required for the new Houses of Parliament ; and by way of 
recommendation he referred among other things to the tes- 
timonials of the astronomer royal and ‘.Mr. G. Rennie, re. 
specting the Exchange clock, and proposed to obtain tlie 
sanction of the Board for erecting the new clock, subject to 
the approbation of^^ the astronomer royal, with Mr. Barry, 
and Sir Joli* or Mr. George Rennie, as referees. The 
Commissioners answered that when the drawings and speci- 
fications for constructing the great clock were completed 
and could be submitted to the several clockmakers who 
migl\|i be applied to, as the basis upon which their tenders 
were to be founded, the Board would include him as one of 
the competitors, for making that as well as any other clocks 
that may be submitted to competition. 

To this Mr. Dent replied, , that if adherence to draw- 
ings and specifications to be prepared by another clockmakci 
were to be stringent on him, he must decline to become a 
candidate ; that he should feel it a duty to comply with any 
suggestions frwn the astronomer royal, but could not 
engage to act under the directions of authority less emi- 
nent, or to follow instruciiqpis, wliich by degrading him to 
the position of a mere executive mechanic, would prove de- 
trimental to Ids reputation. 

Apparently in consequence of this letter, though after 
an interval of some months. Lord Canning wrote to Mr. 
Airy, to ask his opinion, as it was of importance that the 
clock should be the very best that the science and shill of the 
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comiiry can whether the best means of obtaining 

such a clock would be to call upon some of the most emi-» 
nent clockmakers to send in specifications, drawings, and 
estimates, of the clock which each would recommend and 
would be prepared to make ; or whether it would be better 
to place the matter in the hands of some one experienced 
mechanician, and to adopt the description of clock which 
he might recommend, leaving the executic^ of it open to 
tender ; and he requested the astronomer royal to send him 
the names of the persons or person he wouid recommend 
for the service in cither case. 

Mr. Airy replied that a nearly similar question 'was ad- 
dressed to him in 1843 by the Gresham Committee with 
respect to the Exchange clock, and that he tnen relied 
that certain conditions ought to be laid down, which he 
would furnish, and that the clockmakers^ plans should also 
be submitted to him for his opinion, and that the Commit- 
tee should refer to him for a certificate at the completion of 
the work : that those conditions were adopted by that 
Committee; and that the result is that a clock has been 
put up, which is superior even to most astronomical clocks, 
and possesses these rai*e advantages, that the first stroke of 
each hour is correct as to time within less than one second, 
and that a person standing oi^^he pavement can take time 
from the face without an error of a second. Mr. Airy 
therefore proposed that a similar course should be followed 
licre. He says that he suggested to the Gresham Commit- 
tee the names of Mr. VuUiamy and Mr. Whitehurst; but, 
hi/ arrangements with which he was not acquainted^ the work 
was placed in the liands of Mr. l)ent, chronometer-maker 
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(i. e. before that time liot a turret*clock maker) ; and he 
was bound to say that Mr. Dent had carried out his views 
most completely, making in the mechanical arrangements 
w^hich he (Mr. Airy) had suggested some judicious altera- 
tions, wliich received his entire approval. Under all the 
circumstances, considering that a new clock pretending to a 
degree of accuracy equal or superior to that of the Ex- 
cliange, must pjobably contain some of Mr. Dentes inven- 
tions, and would at any rate be improved by his experience, 
tliat the trust is, so to speak, confidential, and that there 
is no such thing as a market for such clocks — Mr. Airy 
thought it would probably be the best course to transmit 
proposals (including his enclosed conditions) to Mr. Dent, 
and ,to ask for Ms tender ; and if Ms price should jiot 
be excessive, that he should be employed : if it a])peare(l 
objectionable, other makers should be applied to; but he 
thought only the two he had named. 

The Board did not howevpr adopt Mr. Airy^s recom- 
mendation to apply ill the first instance to Mr. Dent ; but 
Mr. Barry a few days atterwards, in July, 1846,* wrote to 
Mr. VuUiamy to inform him that the Board had deter- 
mined to invite the tender of plans and specifications from 
different quarters for the clock ; to be based upon the en- 
closed general conditions ^i^'escribed by the astronomer 
royal, who (Mr. Barry stated) had recommended that ap- 
plication should be made to Mr. Dent and Mr. Whitehurst 
as well as to Mr. VuUiamy. He also informed Mr. V. 
that if he should have acquired any information wliich 

* It may be observed that jast at this time Lord Caxmlxig re- 
signed, and was succeeded by the present Lord Carlisle. 
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might lead him to suggest a departure from the enclosed 
conditions he was at liberty to do so in sending in his 
plans. And further that the Board considered it conve- 
nient that he should subniit the estimated cod of supplying 
and completing the clock in all respects according to the 
conditions. 

ISO. The following are Mr. Airy^s ^Conditions to l}e 
observed in regard to the construction of the^lock. 

^ 1. The clock frame is to be cast-iron, and of ample 
strength. Its parts are to be firmly bolted together ; where 
tliere are broad bearing surfaces, these surfaces are to be 
planed. 

^ 2. The wheels are to be of hard bell-[gun-] metal, with 
steel spindles working in bell-metal bearings, and prtper 
holes for oiling the bearmgs.* The teeth of the wlieels are 
to be cut to form on the epicycloidal principle : [nothing is 
said about the pinions, of what shape or material they are 
to be,] 

^ 3. The wheds are to be so arranged that any one can 
be taken out without disturbing the, others. 

^ 4. The pallets are to be jewelled. 

^ 5. The escapement is to be dead-beat,* or something 
e(|ually accurate, the recoil escapement being expressly 
excluded. 

^ 0. The pendulum is to be compensated. 

* This is a mistake : such holes are unnecessary and mischievous, 
as they will let in dusl, which will do more liarm to the pivots than 
want of oil would, and clock pivots can be oiled perfectly well without 
Jioles. In heavy machinery going with considerable speed, and re- 
quiring a great deal of oil, the case is different. 
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'7. The train is to have a remontoire action, so con- 
structed as not to interfere with the dead beat principle of 
the escapement. 

* 8, The clock is to have a going fusee [barrel. No 
particular kind of going barrel is here specified, but it 
appears from the subsequent papers that one similar to 
that in the Exchange clock is intended.] 

^ 9. It will be considered an advantage if the external 
minute-hand has a discernible motion at certain definite 
intervals of lime. 

^10. A spring apparatus is to be attached, for accele- 
rating the pendulum at pleasure during a f(‘W vibrations: 
[this will be explained presently.] 

•^11. The striking macliinery is to be so arranged tliat 
the first blow for each hour shall be accurate to a second 
of time. 

^12, and 13, [relate only to a possible electrical con- 
nexion with the Greenwich Observatory tor the purpose of 
making the clock report its owm behaviour to the astrono- 
mer royal.] 

^ 14. Tlie plans ^before commencing the work, and the 
work when cOmpieted, are to be subjected to the approval 
of the astronomer royal ‘ 

^15. In regard to articles 5 to 11, the maker is re- 
commended to study the Exchange clock.^ 

188. An explanation will probably be required of the 
apparatus referred to in the tenth of these conditions. It 
is evident that a clock with a two seconds pendulum cannot 
be altered by any less amount than two seconds, without 
handling the pendulum iu a manner which is both diflicult 
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and unsafe with a heavy pendulum. Mr. Airy therefore 
contrived for the Exchange clock an apparatus which 
enables it to be set .to any fraction of a second. It con- 
sists of a long spring set upright upon a frame wliich slides 
under the pendulum bob, and is so arranged that by 
pulling a string in the clock room the frame can be brought 
into such a position that the spring hits the pendulum at 
every swing in one direction, which accelerates 4ta vibration 
a little. Therefore, if the clock is a few seconds too slow, 
the man merely pulls up the string, and holds it till he 
observes the second-hand and the beat of the clock agree 
exactly with that of the clironoineter in his hand. If it is 
a few seconds (not an even number) too fast, it is first put 
back one beat too much, and then accelerated to make li rigjit. 

I may observe here, t\iat a clock should never be altered 
by taking Ixold of tlie pendulum aiij where but at the bob ; 
and indeed it is better not to meddle witli the pendulum at 
all, but to put the clock back by holding the scape-wheel 
carefully for as many beats as may be necessary, if it is too 
fast; and if it is too slow, by first putting the hour wheels 
forw’ard by their adjusting work (150) and then stopping 
the scape-wheel; and you may put the scape-xvlieel back the 
time of two beats in one, if instead of merely holding it 
steady you make it escape the wong way. In regulators, 
which always have a second-hand, the best way of retard- 
ing the clock a few seconds is to put your finger firnJy on 
the seconds dial, just before the hand when it is deady so as 
to stop it for the proper number of seconds. If it is less 
than a minute too slow, you must first put the minute-hand 
forward a minute, and then stop the second-hand. 
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188. At this poi^t the Westminster clock correspond- 
ence begins to assume rather more of personal than of horo- 
logical interest, of which however I slmll divest it as far as 
possible. But it is necessary to the understanding of the 
matter to state that Mr. Vulliamy answered Mr. Barry^s 
letter, enclosing these conditions, by declining to enter 
into a competition, chiefly on the ground that he objected 
to the astrdnomer royal as sole referee, because he con- 
sidered other individuals as well, if not better qualified to 
offer an opinion on the subject ; and secondly, because Mr. 
Airy had shown himself prejudiced in favour of !Mr. Dent, 
by having publicly stated, through the Gresham Committee, 
that he ^had no doubt the Exchange clock was the best 
public clock in the world / and in a subsequent letter of 
March, 1847, to the same effect, he refers also to a letter 
of Mr. Air/s to Mr. Dent, saying, ‘ I shall state without 
hesitation that I consider you the most proper person to 
be entrusted with the constriction of another clock of simi- 
lar pretensions,^ On which it is obvious to remark, tliat 
whether the recommendation of a man to make a second 
piece of machinery, ^because he had already made one of the 
same kind tb th^ satisfaction of liis employers or their 
referee (who had not recommended him) is wliat is com- 
monly understood by th^Vord ^prejudice,' or not, Mr. 
Dent li^d got no benefit from Mr. Air/s recommendation 
tliat he should be employed, because the Board did not 
adopt it ; and he thenceforth stood in exactly the same 
position as Mr. Vulliamy and Mr. Whitehurst. 

In the following month Mr. Vulliamy sent to the 
Board, tlirough Mr. Barry, his drawings and specifications; 
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adding, however, that he had not prepared any estimate, 
for the reasons stated in his previous letter on that subject, 
and for the further reason that it would be useless, since 
he had declined to make the clock unSer the direction of 
the astronomer royal; and concluded by thanking Mr. 
Barry for the very honourable and friendly manner in which 
he had been treated by him throughout the business. 

Mr. Vulliamy also, at the same time, availed himself 
of Mr. Barr/s^nvitation to offer such suggestions as oc- 
curred to him lor departing from any of Mr.^iir/s con- 
ditions, and suggested a departure from no less than half 
of them ; and, in fact, did not assent to one of them winch 
M'as not in accordance with his own previous practice. Mr. 
VuUiam/s description of his own plans occupies 27 foiio 
pages ; and therefore, though they might be interesting to 
clockmakers, it is impossible to make any use of them here, 
or, 1 may add, of the other specifications, descriptions, tec., 
on account of their length. -Mr. Airy^s opinion of them 
all I shall have to state presently. 

Tliere was some farther correspondence about a card- 
board model, which Mr. Dent offered ty furnish by way of 
illustrating liis plans, but wliich Mr. Vu^amy rightly said 
was only throwing away time and mbney. In the letter in 
whicli lie declined to furnish sudte a model, he repeated his 
objections to Mr. Airy, and added, that in several public 
oases of reference of horological inventions the reference 
was not to an individual but to a committee. Instead of 
the card-board model, Mr, Vulliamy informed the Board 
that he was then making for Mr. Peto a quarter clock of 
rather more than one fourth of the size of the great clock. 
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and that he was purpo|ely making it as like the great clock 
as was practicable. I have myself seen this clock since it 
was finished, and it^is a very handsome and well-executed 
piece of machinery ; and in like manner the Excliange clock 
might be looked upon as Mr. Dentes model, though not 
intended to be exactly followed. 

Various communications took place between Mr. Airy, 
and Mr. Whitehuist and Mr. Dent, respecting the details of 
the clock, and finally they both sent in tlie^tenders, draw- 
ings, &c., which were, together with Mr. Vulliam/s plans 
and observations, submitted to Mr. Airy ; and he also wen^ 
to make a personal inspection of Mr. Dent and Mr. White- 
hurst^s factories, and in May, 1847, reported to the Board 
to<the following efiect. That as regards their factories and 
tools, either of them, with some assistance from an engineey s 
establishment for the large frame and the, great w^hccls, is 
competent to undertake the work. That Mr. Dentes expe- 
rience, previously to his commenring the manufacture of 
turret clocks when he midertook that of the Exchange, had 
been chiefly in astronomical clocks and chronometers, in 
which he had been pompeUed to pay the utmost attention 
to the excellbncy^f fine workmanship and to secure great 
accuracy of rcvsults; and that since he commenced the 
manufacture of turret cl<^s he appears to have entered in 
an cntcjprising manner into that business, examining the 
construction of foreign clocks of celebrity, and making 
himself acquainted with the literature of the subject. That 
Mr, Whitehurst has had very considerable experience in 
the manufacture of turret clocks, and is enthusiastically 
fond of clockmaking ; but he has seen none but English 
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clocks, and those principally in a limited district. That if 
it were necessary to entrust the making of the clock with- 
out any control to one or other of them he should prefer 
Mr. Dent ; because he thinks it easier for him to acquire 
Mr. Whitehurst^s solidity than for Mr. Whitehurst to 
«acquirc Mr. Dentes accuracy; but that under the most 
trifling control, either of them will certainly construct the 
clock in a perfectly satisfactory way. ^ Lastly, he notices 
the tw^o estimates, wliich were, Whitehurst, £3373; Dent, 
£1000. lie jiays tliat it is out of his power t© explain the 
asionisliing difference between them. It is not of much 
consccjuence to the public what the explanation is; but 
Mr. Airy suggests, first, that Mr, Dent may really be able 
to do the work at less cost to himself than Mr. Whitehurst 
(I suppose from his previous experience in the Exchange 
clock) ; and secondly, that he may be willing to construct 
the clock, even at a loss to himseK, fot the sake of the 
reputation wdiich he hopes to acquire by the making of 
such a clock, wdiile Mr. Whitehurst has made his estimate 
at whal is called a paying price. Mr. Airy (naturally 
(Miough after wliat liad occurred before) declined to offer 
any further suggestion as to w^hich of the two candidates 
should be employed. 

lie added in a separate letj^i' some remarks upon Mr. 
Vulliamy^s plans and papers, as they had been submitted to 
him by the Board with the others, although he considered 
it impossible that Mr. V, could be employed to make the 
clock, as he refused to comply with the proposed conditions. 
He says that in regard to the provisions for strength, soli- 
dity, power, and general largeness of dimensions, the plans 
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are excellent ; but that in delicacy they fail, and fail so 
much that he considers that such a clock (except of cotirse 
as to its size) would be a village clock, of very superior cha- 
racter, but would not have the accuracy of an astronomical 
clock. The meaning of which is, that there are no provi- 
sions in the clock proposed by Vulliamy for securing greater 
accuracy of going, striking, or indicating the time, than in 
a village clock of t^e ordinary construction but of superior 
workmanship. With regard to the personal objections to 
himself, Mr^rAiry says that Mr. VuUiam/s demand for a 
committee is not borne out by the instances he had cited ; 
because in all those cases the question was about the intro- 
duction of principles, which if established were to be applied 
to infinite number of instances ; whereas here there is no 
new principle : the instance is unique : its effects are only 
those of the display of a good specimen of the present state 
of the art : that (besides the similar case of the Exchange 
clock) Mr. Airy is often requested by persons in want of 
chronometers to recommend makers of them ; and, flnalh » 
that Mr. Whitehurst, a lond fide competitor, had made no 
objection to him as referree : in fact, he acknowledges 
in his letters* to the Board, that he had received valuable 
information from the astronomer royal. 

Since this report uponglhe plans in May, 1847, nothing 
more lias been done about the matter, except that on the 
Board being reminded of their letter to Mr. Dent, Mr. 
Barry was stopped from ordering any more of the smaller 
clocks of his own auiliority, as he had done for the House 
of Lords. 

Many other remarks on the personal questions that have 
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been very unnecessarily introduced will have occurred to 
the readers of the correspondence, or even of this abstract 
of it; but as they are of no importance to the science 
of horology, 1 shall leave the reader to make them for him- 
self. 1 will only add, for the information of those w^ho 
have no other means of knowing it, tliat none of the 
gentlemen proposed by Mr. Vulliamy as referees have 
given, to the public at least, any reason foy believing that 
th(\y have paid any particular attention to the subject of 
clock making, which, as to all the most impgrtant parts of a 
<*loc‘k,. is a ])erfectly different tiling from engineering. And 
thougli 1 do not agree with the astronomer royal as to some 
of the details of the plans suggested or approved by him, 1 
ha\e no hesitation in saying that, unless his ^general ^condi- 
tions^ arc substantially followed, the clock will not be what 
it ought to be, and wdiat both the First Jjords of the Woods 
and Forests have declared tliat it w^as intended to be. In- 
deed, unless it is so inade,Jt will be a mere waste of money 
to make it at all, as there are plenty of clocks in that neigh- 
bourhood for all the ordinary purposes of public clocks, 
though they are of no use for tlic extraordinary purposes 
for wliich this clock is intended, anil is really wmited, and 
w hich it answer if properly made, but not otherwise. 

It is satisfactory to be al^lj^to add that, if it is really to be 
ever made, and made properly, there will be no reason 
to regret the delay that has taken place, because in the 
mean time some experience has been gained which will 
enable a better clock to be constructed than tliat con- 
templated in the plans which were settled three* years ago, 
and at quite as little expense. 

N 
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189. The gratification of the rnriosity of the readers of 
thi 3 book on the subject of the Westminster clock was not 
tlie only object of giving this history of it. I wish also to 
^oint out to individuals and pubbe bodies who want to pro- 
cure really good turret clocks a few things which they 
ought to attend to, but hardly ever do. Of course, very 
few such clocks as the Westminster or the Exchange clock 
are wanted ; byit as much as tliree or four hundred pounds 
js sometimes spent upon a clock for a large town, which is, 
after all, not equal to the cheapest ' regulator,^ wliich may 
be bought for 35 guineas. Instead of spending a large 
sum of money upon such a clock, if not the best than can 
1)0 made, it would be in every way '^better to get a large 
and strong clock for half the money, and a pretty good 
legulator with it, and make the clockmaker who has the 
care of it set it by the regulator every day if need be ; or 
what would be stiU better and cheaper, a di 2 )leidoscopc* 
(9), by which the clock can be corrected indejfiendently 
every day when the sun shines at noon. The truth is, that 
what the astronomer royal said of the great clock may be 
said with nearly the same truth of clocks verj^ar short of 
that in accuracy — ^ there is^po market for such clocks.^ 
Plenty of clockmakers will contract for them and make 
them, no doubt fairly and honestly enough as regards 
the quantity of labour expended on them ; bnt very few in- 
deed, — so little demand is there for such things, — areally 
know all the particulars on wliich labour is worth expending, 
and on which it is not. 
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Tliere is a very sensible remark in one of Mr.Vulliamy^s 
letters (wliich it was unnecessary to refer to for any otlier pur- 
pose) to tlie efiFect that a great deal of superfluous work is often 
expended in polishing parts of the clock which have nothing 
to do, as indeed I have already noticed in § 181. But it 
requires some boldness in a clockmaker to omit these* 
things, for nine people out of ten who go to look at 
a clock judge of its goodness merely by its ftnish (wliich in 
small work, especially watches, is generally not a bad t(*st, 
by a sort of convention among the makers)^ and even the 
tenth person, though he may be aware that the going of a 
clock does not depend ou\hc lacquering of the brass or the 
polisliing of the ironwork, does not know what it really docs 
depend upon. How many people, for instance, inow 
whether a scape- whe^ ought to be light or heavy — 
whether the teeth ought to fall veiy near the corner of the 
pallets, or a good way up on tlie dead part — whether 
a pendulum is better fixed <;lose behind the pallet-arbor, or 
on some convenient part of the wall at the side of the 
clock — ^wdiy some clocks will go v^ery well with short pen- 
dulums, and others go much worse^.with long and heavy 
ones — wdicther cast iron cams on the greafr striking wheel 
cause more or less friction, and nlbre or less waste of power 
than polished steel pins on thwgreat wheel or on the second 
wheel — and why in one case cast iron wheels will act with 
less friction than cut brass wheels in the other case — and 
so forth ? 

There can be little doubt therefore that for obtaining 
a really good public clock, such as most large towns have 
paid for, whether they possess it or not, the only safe way 
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is to go to some one, or at the most some three or four 
makers of the first reputation, and adopt the clock which 
is proposed by the one whom you ultimately select, cither 
with reference to their price or other considerations. Of 
course thb more ordinary the clock is required to be, the 
larger will be the number of persons competent to make it. 
And where tenders arc obtained, from any but sucli a select 
number of makers as I have just now supposed, it is espe- 
cially necessary that the advice of some competent person 
should be obtained either as to the conditions to be ob- 
served, or as to the character of the clocks n'=iually made 
by the persons proposed to be employed, as there is always 
a strong family resemblance between the clocks of the same 
makdr. 

190. With regard however to l^estimoiiials respecting 
clocks I must caution churchwardens and others to whom 
they are sent, that they are (like all other testimonialh 
nowadays) in many instances .most fallacious, b(‘iiig fr(‘- 
quently given by persons who have no means of aseertainiiig 
tlic real rate or the real value of the clocks about vliich 
they testify, and who.^are quite incompetent to 1‘orm an ac- 
curate judgment of the construction of a clock. Two 
opposite instances occur to me, as illustrations of the value 
of testimonials of this sork^ 1 have seen a printed tes- 
timonial about a clock, to the effect that it had not varied 
five minutes in several months. Now such a testimonial 
is not worth five farthings ; for it may have meant, either 
that the clock had a steady gaming or losing rate of two 
or three seconds a day, which amounted in several months 
to five minutes ; or that it was never more than two minutes 
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too slow or three minutes too fast; or (whal^was probably 
the fact) something between the two : in the first case tlie 
clock was a very good one ; in the second case it was a 
very bad one ; and in the third it may have been anything 
l)ctween those two extremes. On the other hand, 1 heard 
of a clergyman in I^ondon being asked the character of a 
clock that had been made for his churcli by an eminent 
maker, and he replied that it went very ill*, this came to 
the* ears of the per^son most interested in the matter, who 
from liis own or his men^s periodical oljgervatioii of it 
ihonglit it deserved a much better character, and he re- 
quested the clergyman to'inforrjl him by what standard of 
time he was in the habit of trying it ; and he replied, ^by 
the clock of the principal church of the parish.' And it 
being thouglit by . those who had made tlie original 
inquiry that the clo(*ks of chapels of ease are not bound 
by (‘cclcsiastical obedience to the mother church, and other 
inquires proving satisfaclory, tJic maker of the contu- 
macious clock was employed upon the busijiess in question. 
I can give (me hint oii this subject which may be useful, 
\i/; that any testimonial about the going of a clock for 
so many months ought to extemd from wijiter to summer, 
/)r it is of no real value. • 

191. Witli regard to of Mhat be called the 

second degree ol’ exccTll euce, oi, as we may for convenience 
<m11 tluan, village cloeks, there is of course not quite the 
same necessity for caution as to the admission of can- 
didates. At the same time notliing can be worse than 
the common practice of churchwardens, government offices, 
and public bodies, of issuing a notice tliat a clock is re- 
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quircd to shov time on a face of such a size, and to strike 
on a bell of such a weight, to go eight days, all the wheels 
to be of the best brass, and several other best tilings, and 
that tenders must be sent in by 12 o^ clock on such a day, 
tlie only condition they seem to consider of importance. 
1 said nothing can be worse ; but I believe there is one 
other worse method, which I lately heard of being adopted 
by a certain jbown council, who after spending several 
^ thousand pounds on new markets, naturally thought that a 
* small clock oij, the building would be useful to those who 
frequent it ; go to some respectable maker and ask what he 
will make the clock for ; then take his estimate about to 
other persons and inquire for how much less they will do 
it. In this way you may make sure of getting a clock 25 
per cent, cheaper and 50 per cent, i^f^orse than the original 
estimate. 

As an illustration of the results ('f the system of ten- 
dering without a detailed specification, I may be allowed to 
relate an anecdote in wliich I was accidentaUy coiicenied 
not long ago.* I was staying at a place ^here the in- 
habitants were about to put up a church clock; and it 
being known ta the efi?rgyman that I took some interc'st in 
hucli things, I was requoeted to attend, as a sort of as- 
sessor, at a parish meeiing^^ which the selection of the 
maker was to be determined. They had received six or 
seven tenders, varying in amount from £60 to 100 guineas ; 
and it appeared that several of those wlio had sent in 
tenders also proposed to tender themselves to give any in- 
fonnation that might be required by the meeting. The 
[larishioners said they did not know what information to 
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ask for ; all the candidates offered to make* the best pos- 
sible clock, and several of them had sent testimonials 
equally good as to their capability. It appeared therefore 
that the only way in wliich I could help them was to en- 
deavour to ascertain from the clockmakers who were in 
attendance what kind of clock they really intended, and 
were able to make. The result was (as 1 afterwards 
heard) that two of the candidates, who were prepared for 
an examination by the vestry, declined the examination by 
their assessor ; and also that I had no dif&Qiilty in deciding 
tliat the intended clock of one of the two who did appear 
would be dear at any ^ricc, and in selecting another as 
competent to do tlie work, and intending to do it in such 
a manner as would be creditable to himself and satisfactory 
to those who had to pay for it; and he agreed to make it 
according fo certain conditions which I was to furnish him 
with. I have lately had an opportunity of seeing the 
clock, and I was glad to find my selection justified by the 
re^sult. (3f course I do not mean to Say that some of the 
other makers who sent in tenders but did not come to the 
place, might not have done it just as well; but I relate 
this anecdote to show that oni of six or saven persons ^Alo 
all professed to make a clock with everything of the best 
quiility, there were at least ^ee who were either not able 
or did not intend to do what they promised, and yet were 
just as likely in the eximmon course of things to have been 
employed, as the person who was employed ; in fact more 
likely, bc’cause his tender was very nearly the higliest. 

The truth is that the persons who prepare what they 
call tlie specification, for a public clock generally do not 
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know any more than aiiy man in ibe street wliat they 
really want^ or ouglit to want : tliey know the remit they 
want, if they liave a bell or a clock face ready made, but 
notldng more. And it is ([uito a mistake to impute dis- 
honesty to any clockmaker, merely because he sends iji 
either a very high tender or a very low one ; for until they 
are examined by some competent person, tliore is no means 
of knowing wheiluT the clock which each of them proposes 
is not really a fair clock to make for the money he asks ; 
and one is just* as much in conformity with the specitica- 
tion, wliicli specifies nothing, as the other. And the ])rac- 
tical result is, that the best makers will not take the 
trouble to tender, as they are sure to be underbid. Every 
now aj^id then the architect tries his hand at the clock spe- 
cification. But even architects art' mJt omniscient. I have 
seen a specification — and a second explanatory specitieatiou 
too — ^furnislied sometime ago by an eminent architect for an 
important public clock, which, if jt had been printed instead 
of shown to me in raanuscnpt, i w ould have (‘opied here, 
not the least by way of any retlection on the genthnnan wlio 
wrote it, but by way of showing how necessary it is that 
tMfe public shouW resort to sonu*, better w^ay of scouring a 
good clock, than putting into the hands of the architect. 

192. Still the question gocmains, Low are people in 
ordinary circumstances, who w^ant as good a clock as pos- 
sible for the money they can afford, to ))roceed to obtain it. 
If the clock is really intended to be a first-rate public time- 
keeper, such as all large towms ought to have, 1 hav(‘ 
already mentioned what ajipears to be the only safe way of 
obtaining it. And I may add, that I believe there are few 
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towiiis ill tlic kingdom of 10,000 people, in which there 
are not to be seen a number of clocks on different public 
buildings, which, eyen when tliey do not all set up for 
themselves, only keep among tliem a sort of conventional 
tiint‘, quite distinct from any of the known descriptions of 
time, sidereal, solar, or mean, Greenwich, or local time. 
And tlic mojiey spent on all these bad clocks would have 
sufficed to procure one as good as can be jnadc, and strik- 
ing so as to be heard all over the town, and from which 
any number of comparatively cheap dials (oi^ silent clocks) 
iniglit be daily regnlated, if neeessa^}^ Indeed it should 
be remembered more frequently than it is, that the sinking 
of a public clock is what people really go In, and set their 
own clocks by. There arc many places in which it W)uld 
be bettor, both on accoun^ of tlie archil (‘ctur(‘ of the church 
where tlie bells are', and its position, to put a striking 
clock without any evternal face (which inoreo\or gives it 
considerable advantages in* going) in tlie church, and to 
put a large dial in some otlier more conspicuous part of the 
town. Peterborough and Li<‘lifiehJ cathedrals, and several 
liaiidsoine churches which J could mejilion, are not defacf‘d 
dials, there being no siiffieienlly large space of 
blank w^all oti „tlie b.ell low(»rs t^n which dials could be 
placed. And the ino^iey tluiiltdials would cost, including 
the extra work tliey frecpieiitly require in the clock, may be 
much more profitably spent upon quarters, which ought to 
be more frequent than they arc, 

193. It appears to me tliat wdiere the churchwarden'^ 
have no better means of obtaining assistance, 1 may pos- 
sibly make this book worth the two shillings it will cost 
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them, if 1 conclude it with some hints as to the conditions 
or terms which they ought to require those who send in 
tenders for a clock to observe or to specify ; making them 
in fact, or such of them as may be finally adopted, a portion 
of the contract with the clockmakei*, and also affording the 
means of comparing one tender with another. And the 
maker may be required to submit to the judgment of some 
person conversant with macl^nery, whether the conditions 
have been properly observed, before he is paid. 

On tlie sfibject of the pendulum, and indeed on all 
other matters liere mentioned, 1 must refer to my re- 
marks In the earlier part of this chapter. As it is a mere 
question of money whether the pendulum should be 
compensated or not, the purchasers must determine it 
for themselves. If the pendulum is as much as (S feet 
long (which nearly every place will admit of), the bob 
should not be less than cwt; and a 14 feet wooden 

pendulum may as easily have a bob of 2 or 3 cwt. as a 
lighter one, as there are no compensation tubes. A zinc 
compensation tube shopid be required to be made* as de- 
scribed in § 132, at j.east until some method is found of 
rolling zinc tubes thick and solid enough for this purpose. 

If the pendulum is* not compensated it must be of 
wood, cither dc^al or maho§«iy, straight in the grain, and 
well varnished, and of the tliickness before mentioned (sec 
§ 133 and the following ones). 

The escapement to be what is technically called half- 
dead (38), and the pin-wheel escapement (46) to be pre- 
ferred. 

The frame to be of cast iron, the maker to state of what 
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thickness, anti also the general construction and size of it : 
it being an express condition tliat the main body of it 
should never require taking to pieces for cleaning the dock 
when onco fixed (136). 

State how many days the clock is to go, and whether 
each train is to have three or four wheels, with reference 
to the circumstances mentioned in § 139, &c. In all cases 
a three wheeled train to be preferred, and ithc striking is 
to be from the great wheel, especially in large clocks, 
unless for some special reason it is imposiible; and de- 
scribe the cams or pins and Iqver arrangements. 

The pallets, and all the wheels, except the great ones, 
in each train are to take out separately ; or it will be suf- 
ficient with respect to the wheels next above the ^reat 
wheels if their bushdS^kc out so that the wlieels and 
pivots can be cleaned. 

The barrels to be of strong sheet iron brazed together, 
and, if possible, of such a size that all the available fall can 
be used for the weights hung by a double line only : if 
hoi\evcr this would make the barrels smaller than four 
inches in diameter for a small clock, and five for a large 
one, there may be three lines.* * 

The number of leaves in aU »the pinions to be stated, 
and of coursf] liigli numbers ^be preferred, except that if 
laniern jiiuions with sled pins are used, the numbers may 
be onc-lliird less than ihose of leaved pinions. The great 
wheel of the going part should not have to drive fewer 

* Tt mu^t be remombered that the diameter of the barrels must 
be lcs<> than that which appears b/-^alcula1 ion to produce a certain 
fall, by an amount equal to the tlxiokncas of the rope. 
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than 16 leaves, and the higher wheels in the train 12. If 
the striking is done by the second wheel, its pinion should 
not have less than 16 or 18 leaves; if ^ not, 10 or even 9 
leaves will do. 

The size and thickness of the great wheels to be stated, 
and the size and number of teeth or pins of the scape-whecl. 
If the great wdieels turn in three or four hours a foot 
in diameter is< enough in almost any case for the going 
great wheel, and 1 ^ for the striking great wlieel, each being 
about an inch thick. If they turn slower, they must 
be larger, ui proportion, for large clocks. 

State whctlier you bitciid to hse brass or gun-metal : if 
brass, all the wlieels to be hardened by hammering. 

»3tate wliat kind of maintaining power you intend to 
apply, the preference being gifen to Harrisons^s going 
ratcliett, unless the bolt and shutter is made as described iji 
§ 159. 

* * 

State the size of the bevelled wheels in the leading-off 

work, if any ; no rule can be laid down for them, but they 
ought to be from about five to nine inches in diameter, 
according to tlie size^ and number of the dials ; those be- 
longing to each dial {if more than one) need not be so thi(‘k 
as those tliat work the whole : see § 149. These wheds 
may be of cast iron. 

All the wheels and pinions of the dial work to be of 
brass, to prevent rusting. In all other parts of the clock 
the pinions to be of steel (not iron case-hardened) (152), and 
the pivots also. 

Describe the dial yon propose, if it is not already pro- 
vided; the hands to be as described in § 155. 
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If there are quarters on two bells, the striking wheel to 
be like that of the hour, with pins or cams alternately on 
each side; and in both parts the levers are not to have their 
axis between the striking pin and the wire (167). If the 
quarters are on four bells, see § 168. State whether the hour 
is to be let off by the quarters or the going part : the latter ’ 
in very accurate clocks is the best, but requires rather more 
force ill the going part. • 

The hammer-shanks and tails, and cranks, to be 18 
inches long at least, where the position of thg bells allow it; 
and as few cranks as possible to be used, and all the pivots 
to have brass bushes. 

State the weight and rise of the hammer-head from the 
bell, and the weight and fall of tlie striking weigh^ with 
wliich you intend to oBfSRn tliat rise (165). 

There must be an internal regulating dial for minutes, 
adjustable by some method as described in § 150, 
according to the size of th«i clock ; and either a small hand, 
or a visible mark on the scape-wheel wdth a fixed index, to 
examine the going of the clock to^ seconds, if it is intended 
to be a very good one. The regulating dial to be visible (if 
desired) tlvrongli a glas.s in the cloyk-case. • 

The whole to be enclosed in* a Tvooden case, which can 
be opened on all sides, but ]|^s up securely, leaving the 
winding holes open,* so that the clock can be wound with- 
out opening the case. The pendulum also to be enclosed, 

* Li regulators (house clocks) the winding holes are frequently 
made iu the glass, with brass caps, so that the case never requires to 
be opened, and moreover servants 'can then safely befeft to wind up 
the clock without the possibility of tlieir meddling with the brndfi. 
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and where it is in a light place, a glass may be placed near 
the bottom to see the degree plate tlirough. Tlie weights, 
if required, to be boxed off for safety, and provisions to pre- 
vent accidents to be made where necessary (184). 

On the other hand, the clockmaker may fiurly demand, 
in order that justice may be done to his clock when it 
is made, that the chamber in which it stands shall if 
possible be made so light that a candle shall never be 
required to examine the clock in the day time; otherwise 
the clock will lever be properly cleaned. 

And it is equally due to the maker of a good clock, as 
r^ell as for the interest of those t6 whom the clock belongs, 
that a competent person should be employed to examine and 
clean, it periodically ; who will probably mt be the person 
who undertakes to do it for the l^asf money. Some of the 
readers of this book wiU know of a town which had to pay 
rather dearly for putting its church clock into the hands of 
a cheap and ignorant contractoi ; for having to do some- 
thing to the hammer, he left it striking with its edge instead 
of its face, and thereby cracked a very fine beU of 30 cwt. 

I do not propose the above conditions as perfect, or as 
necessary to be^impbsed^upon clockmakers who from their 
known character can be ‘trusted to do without. But I 


believe that few such clo^jpoakers would desire to make 
any material alteration iu them, as they by no means restrict 
them to any particular pattern of clock, and are in a great 


measure adopted from the practice of the best makef^And 
I have no doubt that such makers would rejoice to see 
some such tsst applied to themselves and their competitors, 
as it would certainly tend to exclude from our churches and 
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public buildings many pieces of machinery, which not only 
are a disgrace to them, but also discourage all attempts to 
improve the art; since no one will go on spending his time 
and money in contriving and making improved machines 
which are to be rejected for old fashioned and good for . 
notliing articles made at somewhat smaller cost. 

I shall be glad if this, the only English book on the 
construction of Public Clocks, does anything tbwards raising 
tlie character of a machine, which, notwithstanding its ge- 
neral and important uses, has been straugely^left behind in 
the progress of mechanical improvement ; and wliich, not;, 
only in its history but in* its own duration, connects the 
present witli the past more than any other instrument in 
use : a machine of whicV-it has been happily said,* there 
is no dead thing so like a living thing as a clock delibe- 
rately performing its appointed work by day and by night, 
with scarcely any intciftiution during the lapse of many 
generations of men, remin^g them all of their own pass* 
ing away, and of the period when ^ the great clock of Time 
will have run down for ever/ 

* In ' The Old Church Clock/ by the Parkinson, Canon of 

Manchester, a pleasing Httle book, but not on clockmaking. 


THE END. 
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